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Where  Is  Energy? 

What  a lot  of  movement  there  is  in  the  world!  Look 
around  you.  How  many  things  can  you  point  out  that 
are  moving? 

You  may  see  a leaf  being  carried  up  through  the  air. 
We  usually  think  that  things  fall  to  the  earth  because  of 
gravity.  What  is  keeping  the  leaf  from  falling?  Perhaps 
clouds  are  traveling  fast  across  the  sky  or  branches  of 
trees  are  moving  in  the  breeze.  A squirrel  may  be 
scampering  for  cover. 

Have  you  ever  wondered  what  makes  all  these  things 
move?  If  you  have  tried  to  move  heavy  things,  you 
know  that  it  takes  energy.  Whenever  anything  moves  or 
changes,  energy  is  being  used. 

No  matter  where  you  live,  there  are  signs  of  energy. 
When  air  moves  rapidly,  you  can  feel  the  wind.  Perhaps 
you  have  seen  a section  of  sidewalk  which  was  lifted  up 
by  extreme  changes  in  temperature.  You  may  have  seen 
a bottle  that  has  burst  after  the  water  inside  it  has 
frozen.  Energy  is  used  when  a sidewalk  lifts  or  a bottle 
breaks. 

It  may  surprise  you  to  learn  that  when  an  iron  pipe 
rusts,  there  is  energy  in  that  kind  of  change,  too.  Yes,  a 
change  of  any  kind  involves  energy. 
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Energy  is  one  of  the  most  im- 
portant things  in  our  hves.  Think 
what  the  world  would  be  like  with- 
out energy.  It  would  be  a lifeless, 
cold  world  in  which  there  would  be 
no  hght.  It  would  be  completely 


dark.  On  such  a dead  world  there 
would  be  no  sound.  Nothing  would 
move.  There  would  be  no  wind,  no 
clouds,  no  rain,  and  no  snow.  In 
fact,  there  would  be  no  weather  at 
all  if  there  were  no  energy. 


How  Do  We  Use  Energy? 


There  are  many  signs  of  energy. 
We  have  talked  about  some  of  these 
signs.  Energy  sets  things  in  motion. 
It  is  used  when  things  change.  In 
how  many  ways  are  you  using  energy 
at  this  moment? 

Kinds  of  Energy 

Even  before  you  wake  up  in  the 
morning,  you  use  the  energy  of  your 
muscles.  AU  the  time  that  you  are 
asleep  you  never  stop  moving.  Your 
heart  muscle  is  always  moving. 
Muscle  energy  keeps  your  heart 


beating  and  the  blood  travehng 
through  your  veins  and  arteries. 

The  energy  in  your  muscles  keeps 
your  lungs  in  motion,  too.  If  your 
lungs  were  not  always  in  motion, 
you  would  not  be  able  to  breathe. 
You  use  the  energy  of  your  muscles 
to  get  up,  to  move  around,  to  work, 
and  to  play.  You  use  muscle  energy 
every  minute  of  the  day  and  night. 
Another  name  for  the  energy  of  your 
muscles  is  chemical  energy.  Chem- 


ical  energy  is  stored  in  food.  When 
you  eat  food,  its  energy  becomes 
part  of  the  muscles  of  your  body. 

If  you  have  helped  your  mother 
with  her  cooking,  you  may  already 
be  familiar  with  chemical  energy. 
Have  you  ever  put  a spoonful  of 
pancake  batter  on  a hot  griddle  and 
watched  what  happens?  The  heat 
of  the  pan  brings  about  chemical 
changes  in  the  batter.  The  energy  of 
the  chemicals  in  the  mixture  causes 
it  to  change  in  size  and  shape  as  well. 

You  can  try  an  experiment  with 
chemical  energy  by  combining  bak- 
ing soda  and  lemon  juice.  Squeeze 
the  juice  of  a lemon  into  a glass. 
Then  add  a half  a cup  of  water  and 
a teaspoonful  of  baking  soda.  When 
baking  soda  and  lemon  juice  are 
mixed  together,  carbon  dioxide  is 
formed.  This  gas  causes  the  liquid 
to  foam  up  in  the  glass.  Remember 
that  whenever  anything  moves,  en- 
ergy is  being  used.  Do  you  see  the 


motion  of  the  liquid  after  baking 
soda  has  been  added? 

Something  else  happens  when  soda 
and  lemon  juice  are  combined.  If 
you  listen  carefully,  you  will  prob- 
ably hear  a slight  fizzing  sound  in  the 
glass.  Some  of  the  chemical  energy 
has  been  changed  to  sound  energy. 
Yes,  sound  is  energy,  too. 

One  of  the  first  kinds  of  energy 
you  made  use  of  when  you  got  up 
today  may  have  been  sound  energy. 
Perhaps  the  ding-a-ling  of  an  alarm 
clock  woke  you  early  this  morning. 
The  ringing  of  the  alarm  was  sound 
energy.  You  may  not  think  that 
that  was  much  energy.  But  it  woke 
you  up! 

We  use  sound  energy  in  many 
ways.  Think  how  many  things  you 


7 


can  identify  by  the  sounds  they 
make.  Whenever  you  speak,  you 
are  using  muscle  energy  to  produce 
sound  energy. 

When  you  rub  your  hands  to- 
gether on  a cold  day  to  keep  them 
warm,  you  are  using  muscle  energy 
to  produce  still  another  kind  of 
energy.  This  kind  of  energy  is 
called  heat.  A saw  becomes  warm 
in  much  the  same  way  when  it  is 
used  to  cut  wood.  As  a saw  rubs 
against  wood,  heat  is  produced. 

To  produce  heat  energy,  you  may 
use  some  kind  of  fuel,  such  as  wood, 
coal,  oil,  or  gas.  If  you  toasted 
bread  for  breakfast,  the  bread  was 
toasted  by  heat  energy.  The  red-hot 
wires  of  the  toaster  supplied  heat, 
which  browned  the  bread.  Where 
did  the  heat  come  from? 

Do  you  remember  connecting  the 
plug  on  the  cord  of  the  toaster  to 


the  electrical  outlet  on  the  wall? 
Electrical  energy  passed  through  the 
wires  of  the  toaster  and  produced 
heat.  A toaster  changes  electrical 
energy  to  heat  energy.  What  else 
can  you  name  which  changes  elec- 
trical energy  to  heat? 


Other  Kinds  of  Energy 

We  have  talked  about  energy  in 
chemicals,  in  your  muscles,  and  in 
electric  wires.  Do  you  think  that 
there  is  energy  in  an  object  such  as 
a ball? 

You  know  that  you  need  energy  to 
throw  a ball.  But  does  the  ball 
itself  have  any  energy  of  its  own? 
Perhaps  you  have  had  the  misfor- 
tune to  break  a window  during  a 
game  of  baseball.  If  so,  you  know 


that  when  a ball  is  moving,  it  may 
have  enough  energy  to  shatter  a 
pane  of  glass.  This  energy  of  moving 
objects  is  sometimes  called  mechani- 
cal energy.  Later  you  will  read  how 
machines  have  been  developed  to 
make  use  of  the  energy  of  moving 
air  and  moving  water.  Mechanical 
energy  is  important  to  us  in  our 
daily  living. 

Perhaps  it  has  never  occurred  to 
you  that  light  is  a kind  of  energy, 
too.  If  you  were  not  using  light 
energy,  you  would  not  be  able  to 
read  the  words  that  are  printed  on 
this  page. 

What  Is 

Electricity,  sound,  light,  and  heat 
are  all  forms  of  energy. 

Can  you  point  to  something  and 
say  that  this  is  electrical  energy  or 


Light  energy  has  become  so  neces- 
sary to  us  that  we  manufacture  light 
in  our  homes  every  night.  Each  one 
of  our  electric  lights  changes  electri- 
cal energy  to  light.  It  is  only 
through  the  production  and  use  of 
light  energy  that  people  are  able  to 
read,  sew,  or  work  after  nightfall. 

By  day  most  of  our  light  energy 
comes  from  the  sun.  Scientists  tell 
us  that  the  light  of  the  sun  is  pro- 
duced when  atoms  of  hydrogen  gas 
combine.  This  means  that  the  sun’s 
energy  is  really  atomic  energy. 
Directly  or  indirectly  all  the  kinds 
of  energy  we  have  been  talking 
about  probably  come  from  the 
atomic  energy  of  the  sun. 

Energy? 

heat  energy?  How  would  you  de- 
scribe electrical  energy  or  heat  en- 
ergy? You  might  try  to  tell  someone 
what  it  looks  like. 
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Now  this  seems  rather  pecuhar: 
we  can  see  what  energy  does,  but  no 
one  can  hold  it  up  to  show  the  rest  of 
us.  Yet  there  is  much  energy  around 
us. 

Probably  you  have  held  your  hand 
near  an  electric  stove  when  it  was 
turned  on.  You  could  feel  the  heat. 
We  know  that  the  heat  is  due  to 
electrical  energy.  But  do  we  know 
what  electrical  energy  really  is? 

What  Is  Electrical  Energy? 

We  may  hold  up  a dry  ceU  and 
say,  '"Here  is  electrical  energy.  We 
have  electricity  in  this  dry  cell.’’ 
When  we  take  a dry  cell  apart,  we 
will  find  a zinc  can,  a carbon  rod. 


chemicals  called  ammonium  chloride 
and  manganese  dioxide,  and  also 
blotting  paper.  But  can  we  find 
any  electricity?  All  we  can  find 
will  be  the  zinc,  the  carbon,  and 
other  chemical  substances. 

Still  you  insist  that  there  is  elec- 
tricity in  a dry  cell.  You  know  that 
if  you  connect  a light  bulb  and 
socket  to  a dry  cell  by  means  of 
wires,  the  bulb  will  light.  You  may 
say,  ''Electrical  energy  fights  the 
bulb.”  You  are  right.  It  is  true 
that  we  can  find  no  electricity  in  a 
dry  cell.  But  when  wires  are  con- 
nected to  it,  electricity  flows  along 
the  wires. 

Here  is  one  reason  why  you  can- 
not find  any  electricity  when  you 
take  a dry  cell  apart:  electricity 
cannot  flow  unless  there  is  a pathway 


By  properly  connecting  wires  to  a 
dry  cell,  you  form  a circuit.  This 
provides  a pathway.  If  you  include 
a Hght  bulb  and  socket  in  the  circuit, 
the  electrical  energy  will  move  from 
the  dry  ceU  along  the  wire  and  light 
the  bulb. 

After  you  have  taken  a dry  cell 
apart,  can  you  still  get  electrical 
energy  from  the  chemical  substances 
of  which  it  is  made?  It  would  be 
difficult  to  do  so.  You  have  de- 
stroyed the  dry  cell.  In  order  to  get 
electrical  energy,  the  chemical  sub- 
stances have  to  be  put  together  and 
used  in  a special  way. 

Atoms  and  Electrons 

Men  and  women  who  have  studied 
electrical  energy  think  that  elec- 
tricity occurs  because  of  the  way 


that  atoms  are  built.  You  may 
already  know  that  scientists  have 
had  a theory  for  many  years  that 
everything  is  made  of  small,  moving 
particles  called  atoms.  A very  small 
piece  of  wood  is  made  of  milhons 
and  millions  of  atoms.  A piece  of 
glass  or  anything  else  you  could 
name  is  also  made  of  large  numbers 
of  atoms. 

It  seems  hard  to  imagine  that  all 
the  milhons  of  atoms  in  a smaU  piece 
of  wood  are  moving  very  fast.  But 
scientists  think  that  atoms  keep 
moving  ah  the  time  and  that  they 
contain  a great  deal  of  energy. 

As  each  atom  moves,  the  parts  of 
the  atom  move  also.  The  outer 
parts  of  an  atom  are  caUed  electrons. 
It  is  believed  that  electrons  move 
rapidly  around  the  center  of  each 
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atom,  but  some  electrons  move  from 
one  atom  to  another. 

Have  you  ever  scuffed  your  feet 
across  a rug  on  a dry  day  and  then 
touched  something?  As  you  touched 
a doorknob,  you  may  have  got  a 
"shock.”  When  you  scuff  your  feet 
across  a rug,  you  rub  electrons  off 
the  rug.  The  electrons  collect  on 
your  body.  Then  as  you  touch  a 
doorknob,  the  electrons  move  from 
your  finger  tip  to  the  knob.  You 
feel  a shock  and  may  see  a spark. 

We  are  told  that  electrical  energy 
is  a movement  of  electrons.  The 
electrons  in  a dry  cell  start  to  move 
when  a circuit,  or  pathway,  is  pro- 
vided. They  move  from  atom  to 
atom  in  the  wires  of  which  the  cir- 
cuit is  made.  This  is  not  the  same 


kind  of  movement  that  you  feel 
when  you  touch  a doorknob,  but  it 
is  a rather  regular  movement.  People 
usually  call  such  a movement  of 
electrons  a current  of  electricity. 

What  Does  Energy  Come  From? 

You  might  like  to  examine  the 
zinc  covering  of  an  old  dry  cell.  If 
the  dry  cell  has  been  used  a great 
deal,  the  zinc  covering  may  be  quite 
thin.  There  is  probably  a lot  of  white 
powdery  material  on  the  inside  of 
it.  If  you  have  a new  dry  cell  and 
an  old  dry  cell,  you  might  compare 
the  zinc  covers. 


12 


The  zinc  covering  of  a dry  cell 
which  has  been  used  a great  deal  is 
much  thinner  and  lighter  than  that 
of  a new  dry  cell.  This  is  because 
the  zinc  has  been  used  as  a fuel. 
Energy  is  released  when  we  use  a 
fuel  properly.  When  zinc  is  used  as 
a fuel,  electrical  energy  is  released. 

It  may  be  a Httle  difficult  for  you 
to  think  of  zinc  as  a fuel.  When  you 
think  of  fuel,  perhaps  you  think  only 
of  wood,  coal,  oil,  or  gas.  However, 
zinc  is  also  a type  of  fuel,  from 
which  energy  can  be  released. 

If  zinc  is  to  be  used  as  a fuel,  it 
has  to  be  put  together  with  other 
chemical  substances  in  a special  way. 
It  also  has  to  be  used  in  a special 
way.  The  zinc  is  used  as  a fuel  by 


making  it  a part  of  a dry  cell  and 
then  placing  it  in  an  electric  circuit. 

You  cannot  release  energy  unless 
you  use  fuel  in  a special  way.  Each 
fuel  has  its  own  particular  way  to 
be  used.  Take  a piece  of  coal  and 
crack  it  with  a hammer.  Is  there 
any  energy  released  from  the  coal? 
No.  You  can  break  large  pieces  of 
coal  into  small  bits  of  coal  dust. 
The  only  thing  you  will  have  is  coal 
dust.  You  use  energy  to  smash  the 
coal,  but  you  do  not  release  any 
energy  from  the  coal  in  this  way. 

You  are  ^already  familiar  with  the 
way  in  which  coal  must  be  used  to 
release  its  energy.  Of  course  you 
must  burn  the  coal.  When  you  burn 
coal,  heat  energy  is  released. 

What  do  you  have  left  when  you 
have  used  the  coal  as  fuel?  The 


only  thing  left  that  you  can  see  is  the 
ash  of  the  coal.  While  the  coal  is 
biirning,  heat  energy  is  being  re- 
leased. The  coal  is  destroyed  when 


it  has  been  completely  burned.  It 
cannot  be  used  as  fuel  again.  In 
place  of  the  coal  destroyed  there  are 
heat  energy  and  ash. 


Energy  from  the  Sun 


The  sun  has  probably  been  shining 
on  the  earth  from  the  very  beginning 
of  the  earth.  It  has  kept  shining 
through  many,  many  centuries. 

For  a long  time  man  has  recog- 
nized the  importance  of  the  sun  in 
his  life.  Many  early  men  worshiped 
the  sun.  The  night,  to  these  early 
people,  was  a time  of  great  danger. 
They  waited  anxiously  for  the  Hght 
of  day. 


Long  before  man  knew  much  about 
the  sun,  he  was  able  to  use  its  energy. 
He  used  the  energy  from  the  sun  to 
dry  his  food  and  to  dry  hides  from 
which  to  make  clothes.  He  used  the 
sun’s  energy  to  keep  himself  warm. 
It  is  only  within  the  last  few  years, 
however,  that  man  has  discovered 
how  the  sun’s  energy  is  produced. 

Scientists  who  have  studied  the 
sun  tell  us  that  its  energy  is  produced 
from  atoms.  We  are  still  learning 
about  the  atomic  energy  of  the  sun. 


Drying  food  in  the  sun 


As  we  read,  we  shall  see  how 
the  sun  supphes  the  driving  energy 
which  produces  winds,  rain,  and  the 
weather  in  general.  The  changes  in 
seasons  are  really  changes  in  the 
amounts  of  energy  which  reach  each 
region  of  the  earth  from  the  sun. 

Man  has  known  for  a long  time 
how  important  energy  is  to  him. 
He  has  searched  for  ways  of  pro- 
ducing energy.  This  search  has  been 
mainly  one  of  seeking  fuels  and 
better  ways  of  using  them. 

Energy  from  Coal 

Ancient  people  knew  about  the 
material  called  coal.  However,  it 
was  a long,  long  time  before  some- 
one discovered  that  this  black  "'rock” 
would  burn. 


early  use 


Can  you  imagine  how  the  dis- 
covery that  coal  could  be  used  as  a 
fuel  was  made?  Perhaps  a piece  of 
coal  happened  to  be  left  near  a wood 
fire.  Just  by  accident  it  may  have 
started  to  burn.  Maybe  the  dis- 
covery was  made  in  some  other  way. 

The  first  written  description  of 
coal  as  a fuel  was  made  over  two 
thousand  years  ago.  A Greek  writer 
described  coal  as  a black  rock  that 
would  burn  hke  wood. 

The  early  Romans  used  some  coal. 
However,  wood  was  the  fuel  used  by 
most  people  for  thousands  of  years. 
It  was  less  trouble  to  gather  wood 
than  to  dig  coal,  and  it  was  easier 


15 


to  kindle  a wood  fire  than  a coal 
fire. 

Gradually  men  began  to  have  need 
for  much  hotter  fires  than  they 
could  get  by  burning  wood.  For 
example,  blacksmiths  needed  to  heat 
iron  so  that  it  could  be  shaped  and 
worked.  To  heat  the  iron,  they 
needed  a hotter  fire  than  they  could 
get  from  wood.  Coal,  when  used  as 
a fuel,  would  produce  hotter  fires 
than  wood.  So  blacksmiths  used 
coal  to  produce  the  heat  which  they 
needed  to  shape  the  iron. 

The  invention  of  the  steam  engine 
also  showed  people  the  importance 


of  coal  as  a fuel.  When  the  steam 
engine  was  used  in  boats,  wood  was 
first  used  as  fuel.  But  steamboats 
need  a kind  of  fuel  that  wiU  not  take 
up  too  much  space.  The  fuel  must 
also  produce  a hot  fire.  One  of  the 
most  useful  things  about  coal  is  that 
it  has  a great  deal  of  energy  stored 
in  a httle  space. 

^ ^Stored  Sunlight”  in  Coal? 

The  coal  we  are  using  today  was 
formed  many  millions  of  years  ago. 
Long  ago  in  the  history  of  the  earth 
large  accumulations  of  plant  ma- 
terial occurred.  It  was  then  that 
the  greatest  coal  beds  were  laid 


Coal 


Long  before  people  lived  on  the 
earth,  great  bodies  of  water  called 
bays  covered  most  of  North  America. 
The  climate  was  hot  and  damp.  The 
air  was  filled  with  water  vapor,  and 
it  was  warm  the  year  round,  even 
near  the  north  pole. 

At  various  times  the  sea  level 
dropped  a few  feet,  and  then  large 
swamps  developed.  Because  the  air 


was  so  warm  and  damp,  the  plants 
in  these  great  swamps  grew  very 
fast  and  very  tall.  Some  of  the  trees 
looked  hke  huge  ferns,  and  many  of 
them  grew  to  be  several  hundred 
feet  high. 

Today  we  can  see  a swamp  forest 
very  much  like  those  of  long  ago. 
It  is  the  great  Dismal  Swamp  be- 
tween Virginia  and  North  Carohna. 
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The  picture  of  the  Dismal  Swamp 
will  give  you  some  idea  of  how  a 
swamp  forest  looked  many  millions 
of  years  ago. 

As  time  passed,  the  trees  and  other 
plant  life  fell  into  the  swamps  and 
slowly  began  to  decay.  Instead  of 
decaying  completely,  they  gradually 
turned  into  a dark-looking  material 
called  peat. 

As  the  sea  level  rose  and  fell  again, 
a new  swamp  would  develop  in  the 
mud  and  sand  which  had  covered 
the  old  swamp  forest.  For  thou- 
sands of  years  this  happened  again 
and  again.  The  plant  hfe  in  a 
swamp  forest  became  peat.  The 
peat  was  covered  with  water,  sand, 
and  mud.  Then  a new  swamp  forest 


grew  on  top  of  the  peat.  Layers 
formed  one  on  top  of  the  other:  first, 
a layer  of  partly  decayed  plant  Hfe; 
on  top  of  it  a layer  of  sand,  clay, 
and  mud;  then  another  layer  of 
plant  life;  and  so  on. 

Gradually  the  layers  of  decayed 
plant  Hfe  were  pressed  harder  and 
harder.  After  a long  period  of  time 
the  pressure  became  so  great  that 
the  layers  of  plant  material  were 
changed.  Soft,  or  bituminous,  coal 
was  formed.  At  the  same  time  the 
layers  of  sand,  clay,  and  mud  were 
pressed  so  hard  that  they  turned 
into  rocks  caUed  sandstone  and  shale. 
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Over  many  centuries  parts  of  the 
earth’s  crust  would  slowly  buckle  up 
or  fold  over,  forming  mountains. 
Whenever  layers  of  soft  coal  were 
folded  in  this  way,  they  received  a 
great  deal  more  pressure.  This  tre- 
mendous pressure  changed  the  soft 
coal  into  hard  coal,  or  anthracite. 

The  plants  which  formed  coal 
grew  in  the  swamp  forests  of  long 
ago.  They  needed  sunlight  to  grow. 
Without  the  energy  of  the  sun  there 
would  have  been  no  coal.  For  this 
reason  people  sometimes  say  that 
there  is  ''stored  sunlight”  in  coal. 

Plants  of  long  ago  made  use  of 
the  sun’s  energy  in  much  the  same 
way  that  plants  do  today.  Some  of 
the  energy  of  the  sun  actually  be- 
comes part  of  plants  because  plants 
are  able  to  make  use  of  light.  They 
use  hght  energy  to  produce  another 
kind  of  energy.  This  energy  of 


plants  is  called  chemical  energy.  It 
is  the  chemical  energy  of  plants 
which  helps  to  give  you  health  and 
strength  when  you  eat  the  plants 
for  food. 

How  important  the  energy  of  the 
sun  shining  thousands  of  years  ago 
stiQ  is  to  us!  The  light  energy  was 
changed  into  chemical  energy  by 
those  ancient  plants  that  lived  in  the 
swamp  forests.  The  chemical  energy 
of  the  plants  became  a part  of 
coal.  Man  has  learned  that  he  can 
change  this  chemical  energy  to  heat 
energy  by  burning  coal. 

Energy  from  Petroleum 

In  another  way  man  has  benefited 
from  the  energy  of  the  sun  which 
reached  the  earth  millions  of  years 
ago.  He  has  learned  to  use  petro- 
leum as  a fuel.  We  have  read  how 
the  energy  from  the  sun  is  used  by 
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plants.  Two  of  the  materials  which 
are  made  by  plants  with  the  use  of 
sunlight  are  fats  and  oils.  We  think 
that  petroleum  comes  partly  from 
plant  oils  which  have  been  buried 
for  millions  of  years.  We  also  think 
that  petroleum  comes  from  the  bodies 
of  tiny  sea  animals  which  lived  many 
millions  of  years  ago.  But  even  the 
oil  from  the  small  animals  depends 
on  the  energy  from  the  sun,  since 
animals  depend  on  plants  for  their 
food. 

Petroleum  was  probably  formed 
by  the  remains  of  small  animals  and 
plants  that  were  much  like  those  we 
find  in  some  shale  and  limestone  to- 
day. Many  of  these  small  animals 
and  plants  lived  in  the  seas  and 


swamps  of  many  milhons  of  years 
ago.  The  energy  from  the  sun  helped 
the  plants  and  animals  to  grow. 

BiUions  and  billions  of  these  tiny 
plants  and  animals  died  and  sank 
to  the  bottom  of  the  seas,  where 
they  were  covered  with  mud  and 
sand.  As  time  passed,  the  mud  and 
sand  gradually  changed  to  rock. 
This  rock  was  either  shale  or  lime- 
stone or  sandstone.  Perhaps  you  can 
find  pieces  of  such  rocks  where  you 
live.  The  different  kinds  of  plants 
and  animals  contained  oil.  But  no 
one  knows  just  how  this  oil  formed 
petroleum,  or  crude  oil. 

Over  the  years  some  of  the  layers 
of  the  earth  were  gradually  folded 
and  twisted  by  great  heat  and  pres- 
sure. This  folding  probably  took 
millions  of  years.  Sometimes  the  oil 
from  the  dead  plants  and  animals 
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stayed  in  shale  and  made  it  dark  and 
greasy.  This  kind  of  shale  is  called 
oil  shale.  In  other  cases  water  seeped 
down  and  mixed  with  the  oil  far 
below  the  surface  of  the  earth.  The 
oil  floated  on  the  water  because  oil  is 
lighter  than  water.  As  the  oil  floated, 
it  kept  moving  up.  Some  of  the 
petroleum  seeped  up  through  beds  of 
limestone  or  sandstone,  much  as 
water  fills  the  pores,  or  tiny  spaces, 
of  a sponge.  Finally,  it  came  to  a 
layer  or  a fold  of  rock  that  it  could 
not  soak  through.  There  it  became 
trapped. 

Look  at  the  diagram  on  this  page. 
Find  the  fold,  or  arch,  made  by  the 
layer  of  rock.  Sometimes  petroleum 
is  found  under  such  a fold  of  rock. 
Such  a place  is  called  an  oil  trap. 

Often  there  is  a layer  of  shale  at 
the  top  of  the  trap.  Look  at  the 
diagram  again.  You  can  see  a de- 
posit of  natural  gas  above  the  pe- 


troleum. There  is  much  useful  en- 
ergy in  natural  gas.  Below  the  oil 
there  is  salt  water,  sand,  and  a layer 
of  sandstone.  Petroleum  seeps  up 
through  the  pores  of  the  sandstone. 

Petroleum  remains  in  one  of  these 
oil  traps  in  the  earth,  under  great 
pressure,  until  a well  is  drilled. 
You  have  probably  seen  pictures  of 
oil  wells  that  shoot  gas  and  oil  into 
the  air.  This  often  happens  when  a 
new  well  is  drilled.  If  you  live  near 
oil  wells,  you  may  have  seen  a well 
"come  in.” 

We  have  found  that  we  can  use 
the  petroleum  which  comes  from  a 
well.  We  can  separate  the  crude 
petroleum  into  various  parts  by 
heating  it.  It  can  be  separated  into 
gasoline,  kerosene,  diesel  oil,  and 
many  other  products.  So  you  see,  a 
number  of  other  fuels  have  been 
made  from  the  natural  fuel  called 
petroleum. 


The  Sun  and  Wind  Power 

Wind  power  is  also  a very  useful 
source  of  mechanical  energy.  It 
was  an  even  more  important  source 
before  man  learned  to  get  energy 
from  coal,  oil,  and  other  fuels.  About 
one  hundred  years  ago  wind  was 
the  main  source  of  power  which 
drove  the  fast  saihng  vessels.  These 
ships  were  used  for  transportation 
and  trade.  On  land  man  harnessed 
the  wind  by  means  of  windmills. 
He  could  then  use  the  energy  of 
the  wind  for  many  pm-poses. 

Where  does  the  energy  of  the  wind 
come  from?  Energy  from  the  sun 
heats  large  areas  of  the  earth’s  sur- 
face. Some  sections  of  the  air  be- 
come heated  more  than  others,  and 


movements  of  the  air  take  place. 
You  remember  that  warm  air  is 
lighter  than  cold  air.  The  force  of 
gravity  will  cause  the  heavier,  colder 
air  to  move  toward  the  earth.  Cooler 
air  may  replace,  or  push  out,  the 
warmer  air  over  a section  of  the 
earth.  This  movement  of  air  is 
called  wind.  Wind  is  caused  by 
gravity  and  the  energy  of  the  sun. 
It  takes  a lot  of  energy  to  make  even 
a small  breeze. 

The  people  of  The  Netherlands 
have  used  the  energy  of  the  wind  to 
great  advantage.  They  have  used  it 
to  pump  water  from  the  surface  of 
the  land.  Much  of  the  land  that  is 
being  used  in  The  Netherlands  was 
once  under  the  sea; 

In  some  western  parts  of  the 
United  States  and  Canada  wind 
power  is  used  to  produce  electricity. 
The  wind  blows  almost  continually 
in  these  sections.  Windmills  can  be 
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used  to  run  electric  generators  on 
farms  in  these  regions.  The  people 
who  hve  on  such  farms  will  then 
have  electricity,  which  they  can  use 
for  many  purposes. 

We  shall  probably  learn  a great 
deal  more  about  how  to  use  the 
energy  of  wind  power.  Some  experts 
have  thought  that  wind  power  will  be 
used  much  more  in  the  future  than 
it  has  been  in  the  past.  Perhaps  you 
will  see  this  happen  in  your  hfetime. 
However,  the  mechanical  energy  we 
get  from  wind  power  is  very  un- 
predictable. We  cannot  be  sure 
that  the  wind  will  produce  enough 
power  when  we  wish  to  use  it. 


The  Sun  and  Water  Power 

Perhaps  you  have  seen  water  rush- 
ing down  a mountainside.  Have  you 
ever  seen  running  water  turn  a water 
wheel?  Man  has  learned  how  to 
benefit  from  the  energy  of  moving 
water.  He  has  constructed  huge 
dams  so  that  he  can  use  this  energy 
as  he  needs  it.  We  have  many  such 
dams  throughout  the  country.  Grand 
Coulee  Dam  on  the  Colmnbia  River 
is  one  of  these.  The  energy  of  the 
falling  water  is  changed  to  electrical 
energy  by  the  machinery  at  the  dam. 
The  electricity  is  then  supplied  to 
homes  and  factories.  Just  think  of 
all  the  electric  fights  and  electric 


motors  that  are  operated  by  energy 
that  has  come  from  water  power! 

You  know  that  all  the  rivers  and 
other  streams  finally  empty  their 
waters  into  the  oceans.  But  where 
does  all  the  water  come  from?  You 
might  say  that  much  of  the  water 
once  was  part  of  the  oceans.  The 
sun  provides  the  energy  which  takes 
the  water  from  the  oceans  and  re- 
turns it  to  the  land. 

When  the  energy  from  the  sun 
strikes  a body  of  water,  a good  por- 
tion of  the  heat  energy  may  reach  a 
depth  of  about  25  feet.  As  the  en- 
ergy is  absorbed,  the  water  is  heated, 
and  some  of  it  evaporates.  When 
liquid  water  evaporates,  it  becomes 
gaseous  water.  Gaseous  water  is 
called  water  vapor.  The  water  vapor 


mixes  with  the  other  gases  of  the 
air  near  the  surface  of  the  water. 

You  remember  that  the  energy  of 
the  sun  causes  the  movements  of  the 
air  that  we  call  wind.  As  the  air 
moves  from  place  to  place,  the  evap- 
orated water  which  is  mixed  with 
the  gases  of  the  air  is  carried  from 
place  to  place  also.  Perhaps  large 
sections  of  the  atmosphere  begin  to 
cool.  As  the  particles  of  water  vapor 
in  the  atmosphere  begin  to  cool,  they 
lose  heat  energy  and  change  back  to 
liquid  water. 

The  change  from  gaseous  water  to 
hquid  water  is  called  condensation. 
When  water  vapor  condenses,  the 
force  of  gravity  causes  the  liquid 
water  to  fall  to  the  smcface  of  the 
earth  as  rain.  If  the  rain  falls  in  a 
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mountainous  region,  the  force  of  combination  of  gravity  and  energy 
gravity  will  carry  it  rushing  down-  from  the  sun  provides  the  energy  of 
hill  toward  sea  level.  So  you  see,  a falling  water. 


Atomic  Energy 


We  have  said  that  the  fuels  which 
supply  the  energy  of  the  sun  are 
really  atoms.  So  the  energy  of  the 
sun  is  really  atomic  energy.  Atomic 
energy  is  probably  the  main  source 
of  energy  for  the  universe. 

Men  who  have  studied  the  atom 
have  known  for  a long  time  that 
there  are  vast  quantities  of  energy 
inside  the  atom.  They  found  that 
these  vast  amounts  of  energy  could 
be  released.  But  the  problem  has 
been  to  release  the  energy  so  that  it 
could  be  used  when  needed  to  run 
machinery. 


Everyone  has  heard  about  the 
great  danger  of  atomic  bombs.  How- 
ever, plans  are  constantly  being  de- 
veloped to  use  atomic  energy  for 
other  purposes.  It  can  be  used  as  a 
source  of  power  for  moving  ships, 
for  supplying  energy  to  factories, 
and  for  many  other  developments. 
We  are  living  in  a period  of  very 
great  discoveries.  Perhaps  you  have 
read  in  your  local  newspaper  about 
some  of  these  discoveries. 

Remember  that  man  has  been 
using  atomic  energy  from  the  sun 
for  centuries.  The  earth  has  been 
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bathed  with  atomic  energy  for  mil- 
hons  of  years.  When  you  take  a sun 
bath,  you  are  actually  being  bathed 
with  atomic  energy.  Man  is  not 
able  to  go  up  to  the  sun  and  control 
the  way  in  which  its  fuel  is  used. 
But  we  can  do  something  about 
atomic  fuels  here  on  earth.  Atomic 
fuels  present  a great  challenge.  We 
must  learn  how  to  release  the  energy 
of  the  atoms  so  that  it  can  be  used 


whenever  and  however  we  want  to 
use  it. 

Uraniiun  is  one  fuel  which  atomic 
scientists  are  using.  Uranium  is 
secured  from  certain  rocks  and  min- 
erals. It  is  mined  from  the  earth. 
We  have  had  to  learn  to  use  this 
fuel  in  a special  way  in  order  to  pro- 
duce atomic  energy.  In  fact,  we  are 
only  just  beginning  to  learn  how  to 
use  it. 


Man  Learns  to  Use  Fuel 


Man  has  gradually  learned  that  to 
release  energy,  some  sort  of  fuel  must 
be  used.  To  produce  heat,  man  first 
learned  how  to  burn  wood  as  a fuel. 
This  was  a very  great  discovery 


which  was  used  in  many  ways.  The 
energy  was  used  to  keep  homes 
warm  and  to  cook  food. 

Man  has  learned  to  use  other  sub- 
stances as  fuels  to  produce  heat. 
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light,  and  mechanical  energy.  Pe- 
troleum has  been  used  only  a very 
short  time.  Gasoline  has  to  be  used 
in  a very  special  way.  Man  has  in- 
vented a special  engine  to  use  gaso- 
line as  fuel.  He  uses  this  engine  to 
run  automobiles. 

We  have  also  learned  much  about 
other  kinds  of  fuels.  We  have  learned 
to  use  zinc  in  a dry  cell  as  a fuel  to 
produce  electrical  energy.  The  food 

LEARNING  MORE 

1.  Electricity  is  used  in  many 
different  ways.  How  many  things 
can  you  name  for  which  electricity 
can  be  used? 

2.  Man  has  learned  to  use  the 
muscle  energy  of  animals  such  as  the 
Uama,  horse,  elephant,  ox,  and  dog. 
Write  a story  showing  how  the  use 
of  such  energy  changed  the  Hfe  of 
early  man. 

3.  There  are  many  different  kinds 
of  fuels.  Make  a Hst  of  all  the  fuels 
of  which  you  can  think.  In  what 
way  must  each  fuel  be  used  in  order 
to  release  energy  from  it? 

4.  There  may  be  many  manufac- 
turing plants  in  your  community 
which  make  energy  available  for  the 
community.  A gas  plant,  a dam. 


which  we  eat  is  really  fuel  that  pro- 
vides muscle  energy  for  our  bodies. 
We  are  stiQ  learning  to  use  fuels  to 
produce  energy.  Some  have  been 
on  our  earth  a long,  long  time,  but 
we  are  only  starting  to  use  them. 
Others  may  be  created  by  man  from 
raw  materials  here  on  earth.  You 
probably  wiQ  use  many  new  and 
different  fuels  which  are  not  yet 
discovered. 

ABOUT  ENERGY 

and  an  oil  refinery  are  really  manu- 
facturing plants  which  produce  en- 
ergy for  the  community’s  use.  What 
are  the  big  sources  of  energy  for  the 
community  in  which  you  live? 

5.  Modern  transportation  depends 
on  energy  which  is  released  from 
fuels.  How  have  the  methods  of 
transportation  changed  as  man  has 
learned  to  use  the  energy  of  fuels? 

6.  Man  is  learning  to  use  the  en- 
ergy from  the  sun  in  new  ways.  One 
of  these  ways  is  that  of  heating 
homes.  There  are  probably  other 
ways  of  using  the  energy  from  the 
sun  which  wfil  be  discovered  in  the 
future.  Your  class  might  like  to 
have  a discussion  about  various  new 
ways  of  using  the  sun’s  energy. 
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September  All  over  the  World 


What  is  September  like  where  you  hve?  Are  the  leaves 
beginning  to  change  color?  Is  there  a crispness  in  the 
morning  air? 

In  some  parts  of  North  America  September  is  much 
as  it  is  in  the  area  around  Omaha,  Nebraska.  If  you 
were  to  visit  Omaha  during  September,  these  are  some  of 
the  changes  you  might  see:  The  leaves  are  turning  from 
dark  greens  to  golden  yellows,  deep  oranges,  and  briUiant 
reds.  Many  of  the  brightly  colored  flowers  in  the  parks 
are  fading.  The  air  is  becoming  cooler.  September  is  the 
beginning  of  autumn  in  the  Northern  Hemisphere  in 
parts  of  North  America,  Europe,  and  Asia. 

In  many  parts  of  the  earth  September  is  not  as  it  is  in 
Omaha.  Look  at  a map  of  the  world.  Very  near  the 
equator,  in  Brazil,  you  will  find  the  city  of  Belem. 
September  in  Belem  is  quite  different  from  September 
in  Omaha.  In  Belem  the  leaves  are  green  the  year  round. 
September  there  is  much  hke  every  other  month  of  the 
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year.  Along  the  Amazon  River,  in 
Brazil,  rubber  trees  and  coconut 
and  Brazil-nut  trees  grow.  No  one 
ever  needs  to  wear  heavy  clothes 
to  keep  warm.  It  is  never  cold  in 
Belem,  and  it  never  snows. 

September  in  some  other  parts  of 
the  world  is  quite  different.  In  the 
Southern  Hemisphere,  in  a place 
such  as  Buenos  Aires,  Argentina, 
September  is  the  beginning  of  spring. 
The  buds  of  forsythia  are  bursting 
into  yeUow  blossoms.  Tiny,  bright- 
green  leaves  appear  on  the  trees. 
The  days  become  warmer.  People 
are  starting  to  plant  their  gardens. 


In  Omaha  September  is  the  be- 
ginning of  autumn  and  in  Buenos 
Aires  September  is  the  first  month  of 
spring.  During  springtime  there  is  a 
gradual  warming  up  as  the  summer 
season  approaches.  But  during  au- 
tumn there  is  a gradual  cooling  off 
as  the  winter  season  draws  near. 
Develop  some  of  your  own  ideas  to 
explain  why  the  Southern  Hemi- 
sphere warms  up  during  the  same 
months  of  the  year  that  the  North- 
ern Hemisphere  cools  off.  Why  do 
you  think  it  is  spring  in  Buenos  Aires 
at  the  same  time  that  it  is  autumn 
in  Omaha? 


How  Sunlight  Strikes  the  Earth 

The  sun  is  always  shining  on  the  night,  it  is  shining  on  the  side  of  the 
earth.  When  it  isn’t  shining  on  the  earth  which  is  having  day.  You 
portion  of  the  earth  which  is  having  know,  of  course,  that  our  sun  is  a 


star.  The  earth  would  be  a cold, 
dark,  lifeless  place  without  a star 
nearby  to  provide  both  hght  and 
heat  energy. 

Throughout  each  year,  from  day 
to  day,  the  earth  receives  about  the 
same  amount  of  heat  energy  from 
the  sun.  If  this  is  true,  how  can 
some  parts  of  the  earth  be  having 
their  coldest  months  of  the  year 
at  the  same  time  that  other  parts 
are  enjoying  their  warmest  months? 
Let’s  see  what  happens  to  the  sun’s 
energy  when  it  reaches  the  surface 
of  the  earth. 

Light  Heats  the  Earth’s  Surface 

Perhaps  you  have  had  the  ex- 
perience of  sitting  in  the  shade  on  a 
warm  day.  As  the  earth  turned,  you 
found  yourself  no  longer  in  the 
shade.  The  sunlight  may  have  first 


touched  one  of  your  arms  or  legs, 
and  you  could  feel  its  heat.  Perhaps 
you  became  so  warm  that  you  were 
forced  to  move  back  into  the  shade 
again. 

If  there  is  sunhght  coming  in  your 
classroom  window,  you  might  try 
this:  Stand  near  the  edge  of  the 
lighted  area  and  shut  your  eyes. 
Hold  out  one  of  your  arms  toward 
the  sunhght.  Then  with  your  other 
hand  mark  the  spot  on  your  hand 
or  arm  where  you  think  that  the 
sunlight  ends. 

Now  open  your  eyes  and  see  how 
accurately  you  have  been  able  to 
judge  the  area  of  sunlight.  This 
may  help  you  to  see  that  light  en- 
ergy from  the  sun  changes  to  heat 
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energy  when  it  strikes  the  surface 
of  the  earth.  You  can  feel  the  heat 
which  the  hght  has  produced  on 
your  arm. 

Perhaps  you  think  that  you  feel 
heat  from  sunlight  only  because  the 
sun  itself  is  so  hot.  It  may  seem  to 
you  that  the  sun  is  like  a giant  fur- 
nace throwing  out  so  much  heat 
that  some  of  it  reaches  our  earth. 
You  may  think  that  the  air  gets 
hotter  and  hotter,  the  nearer  you  get 
to  the  sun. 

Recently  when  a commercial  Eiir- 
liner  was  flying  over  Norfolk,  Vir- 


ginia, it  was  announced  that  the 
temperature  on  the  ground  was  70°  F. 
But  the  temperature  of  the  air  out- 
side the  plane,  20,000  feet  high,  was 
only  10°  F,  or  10  degrees  above  zero. 
The  people  in  the  plane  were  20,000 
feet  nearer  the  sun  than  the  people 
on  the  ground,  but  the  air  was  60 
degrees  colder. 

The  explanation  that  scientists 
give  is  that  light  energy  from  the 
sun  does  not  change  to  heat  energy 
as  it  passes  through  the  air.  But 
when  sunhght  strikes  the  surface  of 
our  earth,  heat  energy  is  produced. 
The  surface  of  the  earth  becomes 
warm,  and  this  in  turn  warms  the 
air  that  is  close  to  it. 
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December  in  Omaha 

We  know  that  sunlight  does  not 
produce  the  same  amount  of  heat 
everywhere.  On  a December  day  in 
Omaha  when  the  sun  is  shining 
brightly,  the  air  may  be  crisp  and 
frosty.  There  is  often  enough  ice  on 
the  ponds  for  you  to  go  skating. 
There  is  not  enough  heat  energy  to 
melt  the  ice.  But  on  this  same  day 
in  Buenos  Aires  the  temperature 
might  rise  to  80°  F.  You  could  go 
swimming  in  December  in  Buenos 
Aires.  Why  does  sunlight  produce 
different  amounts  of  heat  in  different 
parts  of  the  earth? 


December  in  Buenos  Aires 


How  Light  Heats  a Small  Space 

The  size  of  the  space  which  a 
beam  of  sunlight  covers  affects  the 
amount  of  heat  energy  received. 
You  might  try  an  experiment  which 
will  help  to  show  you  whether  this 
is  true.  You  will  need  a magnifying 
glass,  an  outdoor  thermometer,  a 
large  piece  of  cardboard,  and  a pair 
of  scissors.  You  will  also  need  sun- 
light for  this  experiment.  If  none 
shines  through  your  classroom  win- 
dows on  sunny  days,  perhaps  you 
can  go  to  a room  where  the  sunlight 
does  shine. 
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makes  the  spot  of  light  on  the  table? 
The  same  amount  of  light  is  coming 
through  the  hole  in  the  cardboard, 
but  the  hght  covers  a smaller  space 
than  it  did  before. 

Shine  the  smaller  spot  of  hght  on 
the  bulb  of  the  thermometer.  Do 
you  see  how  rapidly  the  Hquid  in  the 
thermometer  rises?  You  should  re- 
move the  magnifying  glass  very 
quickly.  There  is  so  much  heat 
energy  in  the  small  spot  of  hght  that 
it  is  not  safe  to  keep  it  shining  on 
anything  too  long. 

You  have  found  that  the  tempera- 
ture in  the  smaher  space  was  a great 
deal  higher  than  it  was  in  the  larger 
area.  This  does  not  mean  that  the 
total  amount  of  heat  energy  from 
the  sunbeam  had  changed.  But  it 


Cut  a smah  hole  in  the  piece  of 
cardboard  and  place  this  cardboard 
in  front  of  a sunny  window.  Now 
you  wih  have  a beam  of  sunhght 
coming  through  the  hole.  Hold  the 
cardboard  so  that  the  beam  of  light 
falls  on  a table. 

Have  someone  place  an  outdoor 
thermometer  so  that  its  bulb  is  in 
the  spot  of  hght  on  the  table.  Notice 
that  the  hquid  in  the  thermometer 
rises.  Record  the  temperature  for  a 
spot  of  sunhght  of  this  size. 

Now  hold  a magnif3dng  glass  in 
front  of  the  beam  of  sunhght  coming 
through  the  hole  in  the  cardboard. 
Do  you  see  how  much  smaher  this 


does  mean  that  when  the  light  en- 
ergy covers  a smaller  space  than 
before,  there  is  more  heat  energy 
in  the  smaller  space. 

The  same  thing  is  true  of  sunhght 
wherever  it  falls  on  the  earth.  When 
hght  covers  a small  space,  the  heat 
increases.  When  the  same  amount 
of  light  spreads  out  over  a wide  area, 
the  heat  is  spread  out  also,  and  there 
is  not  as  much  heat  energy  at  any 
one  spot. 

Now  do  you  see  one  reason  why 
sunlight  falling  on  Omaha  in  Decem- 


ber might  produce  less  heat  energy 
than  the  same  amount  of  sunhght 
falling  on  Buenos  Aires?  Something 
must  happen  to  the  hght  at  Omaha 
to  cause  it  to  spread  out  more  than  it 
does  on  the  same  day  in  Buenos  Aires. 

Light  Spreads  Out  on  Tilted  Surfaces 

We  have  done  an  experiment  which 
shows  us  that  it  is  possible  to  change 
the  size  of  the  space  which  a beam 
of  hght  covers  without  changing  the 
size  of  the  sunbeam.  You  might  try 
another  way  of  doing  this. 
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Look  at  the  drawings  on  these  two 
pages  to  see  how  you  might  try  the 
next  experiment.  You  should  have 
a flashlight,  a piece  of  paper  rolled 
into  a tube,  and  two  pieces  of  card- 
board. It  would  also  be  a good 
idea  to  have  the  room  as  dark  as 
possible. 

First,  put  the  flashhght  inside  the 
paper  tube.  Have  a classmate  hold 
one  piece  of  cardboard  straight  up 
and  down,  just  as  the  boy  in  the 
drawing  below  is  doing. 

Turn  on  the  flashlight  and  stand 
so  that  the  open  end  of  the  tube  is 
about  1 foot  from  this  piece  of  card- 
board. The  flashlight  will  shine  on 
the  cardboard.  Have  someone  draw 


a line  around  the  lighted  spot  with 
a colored  crayon. 

Now  have  a classmate  hold  the 
second  piece  of  cardboard  tilted  as 
the  boy  in  the  drawing  on  the  next 
page  is  tilting  his.  Then  shine  the 
flashlight  on  the  tilted  piece  of  card- 
board in  the  same  way  and  at  the 
same  distance  as  before.  Again  draw 
around  the  hghted  spot.  Then  cut 
out  the  two  spots  that  were  out- 
hned  with  crayon.  Place  one  on  top 
of  the  other.  Are  they  the  same 
size?  Does  the  spot  made  by  the 
beam  of  light  on  the  tilted  card- 
board cover  more  space? 

In  both  parts  of  the  experiment 
the  same  amount  of  hght  energy 


strikes  the  cardboard.  But  when  the 
light  strikes  the  tilted  cardboard,  it 
spreads  out  and  covers  more  space. 
Sunlight  too  spreads  out  when  the 
siurface  which  it  strikes  is  tilted. 

Now  we  have  three  clues  to  tell  us 
why  the  earth  has  seasons.  We  have 
learned  that  sunhght  is  changed  to 
heat  energy  when  it  strikes  the  sur- 


face of  the  earth.  We  have  also 
found  that  the  amount  of  surface  a 
sunbeam  spreads  over  affects  the 
temperature.  Finally,  we  have  found 
that  the  amount  of  surface  that  is 
lighted  and  heated  changes  as  the 
surface  tilts. 


Our  Tilted  Earth 


We  have  said  that  it  might  be 
cold  enough  to  go  skating  on  a sunny 
December  day  in  Omaha.  Perhaps 
you  could  go  swimming  on  this  same 
day  if  you  hved  in  Buenos  Aires. 


In  December  the  sunlight  pro- 
duces less  heat  energy  in  Omaha  than 
it  does  in  Buenos  Aires.  The  tilt  of 
the  earth  has  something  to  do  with 
this  difference  in  temperature.  To 
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the  two  pins.  This  line  represents 
the  earth's  equator.  After  you  have 
drawn  the  line,  you  will  not  need  the 
second  pin  and  you  can  remove  it. 

Now  you  are  going  to  shine  a 
flashhght,  representing  the  sun,  on 
the  ball.  It  would  be  a good  idea  to 
put  the  ball  on  a piece  of  paper  on 
a table  and  mark  the  spot  where  it 
rests,  so  that  you  will  be  able  to  put 
it  in  this  same  place  again  later  on. 

Hold  the  ball  up  by  the  remaining 
pin  so  that  the  ball  is  just  hghtly 
touching  the  paper.  Have  a class- 
mate arrange  a flashhght  on  books  on 
the  table  at  the  right  height  and  dis- 
tance so  that  the  hght  will  shine 
most  brightly  on  the  baU  at  the  line 
which  represents  the  equator.  It 
wiU  help  if  the  room  is  darkened. 


understand  this,  we  must  first  under- 
stand what  is  meant  when  we  say 
that  our  earth  is  tilted. 


If  the  Earth  Did  Not  Tilt 


First,  let's  see  how  sunhght  might 
fall  on  the  earth  if  the  earth  were 
not  tilted.  You  can  use  a tennis  baU 
to  represent  the  earth.  Push  a pin 
part  way  into  the  tennis  baU.  It 
should  be  in  firmly  enough  for  you 
to  hft  the  baU  by  holding  the  pin. 
Then  insert  another  pin  hghtly  on 
the  other  side  of  the  baU  exactly 
opposite  the  first.  With  a pencU  or 
a crayon  draw  a hne  on  the  baU  aU 
the  way  around  it,  halfway  between 
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Now  let’s  imagine  that  the  tennis 
ball  is  really  the  eaith  and  the  flash- 
light is  the  sun.  Notice  that  the 
Hght  spreads  out  about  equally  above 
and  below  the  equator.  If  this  were 
the  way  that  sunlight  fell  upon  the 
earth,  what  could  you  say  about 
the  seasons? 

The  areas  north  and  south  of 
the  equator  would  receive  the  same 
amount  of  energy  from  the  sun  the 
year  round.  December  in  Omaha 
would  not  be  very  different  from 
December  in  Buenos  Aires.-  But  we 
know  that  this  is  not  the  case.  Let’s 
see  what  happens  when  we  experi- 
ment with  a tilted  ball. 

H",.! 


Our  Earth  Is  Tilted 

Still  holding  the  ball  by  the  pin 
that  was  inserted,  rest  the  ball  on  a 
table.  Again  shine  the  flashlight  on 
the  line  representing  the  equator, 
but  this  time  tilt  the  ball  away  from 
the  light.  The  picture  on  this  page 
will  show  you  how  much  to  tilt  it. 

Do  you  see  that  there  is  now  less 
light  above  the  equator  than  before? 
The  amount  of  light  energy  shining 
on  the  ball  has  not  changed.  But 
now  the  light  is  brighter  below  the 
equator  than  above  it.  What  season 
would  this  represent  in  the  Southern 
Hemisphere?  Would  it  be  warm  or 
cool  north  of  the  equator?  Re- 
member that  wherever  the  light  is 
brighter,  there  is  more  heat  also. 


We  know  that  at  times  on  our 
earth  areas  north  of  the  equator  may 
be  covered  with  ice  and  snow  while 
fields  are  green  in  the  Southern 
Hemisphere.  At  other  times  the 
opposite  is  true.  In  Jime  the  air  is 
cool  and  wintry  in  Argentina,  and 
the  children  wear  warm  clothes  to 


school.  In  the  Northern  Hemisphere 
summer  vacation  is  beginning  in 
June. 

The  seasons  are  different  as  dif- 
ferent parts  of  the  earth  change 
their  positions  in  relation  to  the  sun. 
This  happens  because  our  earth  is 
tilted. 


The  Earth  Moves  about  the  Sun 


You  know,  of  course,  that  the 
earth  is  a planet  revolving  about  the 
sun.  You  know,  too,  that  the  earth 
is  rotating,  or  spinning,  as  it  moves 
about  the  sun.  It  takes  the  earth 
one  day,  or  about  24  hours,  to  spin 
around  once.  To  make  one  complete 
journey  about  the  sun  takes  our 
spinning  earth  one  year,  or  about 
365J  days.  Another  way  to  say  this 


is  that  the  earth  rotates  3654  times 
while  it  revolves  about  the  sun  once. 

As  the  earth  spins  around,  day 
follows  night,  but  the  number  of 
hours  of  daylight  are  not  always 
the  same  on  all  parts  of  the  earth. 
Can  you  remember  summer  evenings 
when  the  sun  did  not  set  until  long 
after  suppertime?  Now  think  of  the 
wintertime.  Does  the  dayhght  begin 


Something  You  Can  Do 


to  fade  on  winter  days  even  before 
you  have  had  supper? 

We  think  that  the  number  of 
hours  of  daylight  each  day  has  some 
effect  on  temperatures.  When  the 
days  are  long,  there  are  more  hours 
for  the  surface  of  the  earth  to  be 
warmed  by  the  sunlight.  There  is 
less  time  at  night  for  that  part  of 
the  earth  to  cool.  Winter  days  are 
short,  and  summer  days  are  long. 
This  is  true  in  Omaha  and  it  is  true 
in  Buenos  Aires.  Don’t  forget,  how- 
ever, that  Omaha  is  having  winter 
at  the  very  same  time  that  it  is  sum- 
mer in  Buenos  Aires.  This  means 
that  the  same  day  can  be  long  in  one 
place  while  it  is  short  in  another. 


This  is  something  you  can  do 
which  will  help  you  to  understand 
how  the  earth  moves  around  the 
sun:  You  will  need  an  electric  light, 
some  clay,  cardboard,  and  tooth- 
picks. You  will  also  need  a globe 
somewhat  like  the  one  in  the  picture 
above. 

First,  form  the  clay  into  tiny 
balls.  Each  ball  should  be  only 
about  J inch  in  diameter.  You  are 
going  to  need  a great  many  of  these 
small  clay  balls  to  fasten  on  the 
globe.  Place  24  of  the  tiny  balls  on 
the  globe  around  the  Arctic  Circle. 
Space  them  equal  distances  apart. 
Then  place  another  set  of  24  balls 
around  the  Tropic  of  Cancer.  These 
balls  will  be  farther  apart  than 
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those  around  the  Arctic  Circle,  but 
they  should  be  at  equal  distances 
from  each  other.  In  the  same  way 
fasten  other  sets  of  24  balls  to  the 
globe  around  the  equator,  the  Tropic 
of  Capricorn,  and  the  Antarctic 
Circle. 

You  might  place  three  markers 
on  the  globe  to  show  the  correct 
locations  of  Omaha,  Belem,  and 
Buenos  Aires.  You  can  make  the 
markers  by  cutting  out  three  small 
paper  flags.  If  you  put  one  end  of  a 
toothpick  through  each  paper  flag 
and  the  other  end  in  a small  ball  of 
clay,  the  clay  will  hold  each  marker 
in  place  on  the  globe. 


Now  make  four  labels  out  of 
cardboard.  The  labels  should  read: 
December  22,  March  21,  June  22, 
September  23.  Put  an  electric  Hght 
in  the  center  of  a table.  The  hght 
will  represent  the  sun.  Arrange  the 
labels  around  the  hght  just  as  you 
see  them  in  the  picture  below.  Now 
place  your  globe  in  the  September 
position.  Look  at  the  picture  again. 
Do  you  see  the  direction  in  which 
the  globe  is  tilted? 

You  probably  know  that  the  north 
pole  and  the  south  pole  of  the  earth 
are  opposite  ends  of  an  imaginary 
hne  caUed  the  earth’s  axis.  As  the 
earth  spins,  it  turns  about  this 
imaginary  hne.  If  you  started  at  the 
north  pole  and  continued  the  hne  of 
the  earth’s  axis  out  into  space. 


it  would  point  toward  the  North 
Star,  or  polestar.  All  year  long,  as 
the  earth  journeys  about  the  sun, 
the  line  of  the  earth's  axis  tilts 
toward  the  North  Star. 

When  you  have  correctly  placed 
your  globe  in  the  September  posi- 
tion, the  axis  of  your  globe  will  be 
pointing  toward  an  imaginary  North 
Star.  Wherever  you  move  the  globe 
about  the  hght  which  represents 
the  sun,  its  axis  should  continue  to 
point  in  this  same  direction. 

Now  darken  the  room  and  turn 
on  the  hght  on  the  table.  Check  to 
see  whether  half  the  clay  baUs  on  the 
globe  are  hghted.  You  may  need  to 
raise  the  hght  by  placing  it  on  some 
books  so  that  it  wih  be  on  a level 
with  the  equator  of  the  globe.  If  the 
bahs  have  been  correctly  placed,  and 


the  hght  is  at  the  right  height,  about 
sixty  of  the  balls  wih  be  hghted  at 
one  time. 

You  know  that  as  the  sun  shines 
on  the  earth,  half  the  earth  is  always 
having  day.  Ah  year  long,  part  of 
the  earth  is  turned  toward  the  sun, 
and  part  is  in  the  shadow  we  cah 
night.  Half  the  earth  is  always 
hghted,  but  the  hghted  half  is  con- 
stantly changing.  You  might  try 
turning  your  globe  part  way  round 
on  its  axis  and  again  counting  the 
number  of  hghted  bahs.  Does  the 
number  stay  the  same? 

Now  you  are  ready  to  learn  more 
about  the  movement  of  the  earth 
around  the  sun.  This  demonstration 
wih  help  you  to  understand  how 
sunhght  fahs  on  the  earth  through- 
out the  year. 
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September  23  Everywhere 

On  September  23  sunlight  strikes 
the  earth  in  much  the  same  way 
that  the  electric  hght  shines  on  the 
globe  in  your  demonstration.  Notice 
how  brightly  the  equator  is  lighted. 
Does  the  light  spread  out  equally 
north  and  south  of  the  equator? 

Look  at  the  north  pole  and  the 
south  pole.  Both  these  places  are 
getting  hght  from  the  sun.  On  Sep- 
tember 23  there  is  light  from  pole 
to  pole. 

At  Belem  it  is  very  warm,  but  the 
temperature  is  lower  at  the  poles. 
The  light  spreads  out  more  there 
than  at  the  equator. 


Do  you  see  how  the  hght  strikes 
the  spot  marked  "'Omaha”?  Now 
notice  how  the  hght  shines  on 
Buenos  Aires.  You  can  see  from 
your  demonstration  that  both  places 
receive  almost  the  same  amount  of 
hght  in  September.  The  hght  and 
heat  energy  spread  out  a bit  more  in 
Omaha  than  in  Buenos  Aires  be- 
cause Omaha  is  a httle  farther  away 
from  the  equator.  The  amounts  of 
hght  that  the  two  places  receive  are 
so  similar  that  it  might  make  you 
think  that  the  season  would  be  the 
same  in  both.  The  days  are  quite 
warm  and  sunny  in  Omaha,  as  weU 
as  in  Buenos  Aires.  In  Omaha,  how- 
ever, September  is  the  beginning  of 
autumn,  and  winter  wih  soon  be  on 
the  way.  In  Argentina  September 
is  the  beginning  of  spring,  and  the 
warm  days  of  summer  he  ahead. 
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But  there  is  one  thing  which  is 
the  same  on  September  23  at  all 
three  spots  which  you  have  marked 
on  your  globe.  Belem  and  Omaha 
and  Buenos  Aires  have  the  same 
number  of  hours  of  daylight  and  of 
night.  In  fact,  on  this  date  the  hours 
of  dayhght  and  of  darkness  are  about 
of  equal  number  everywhere  on  the 
earth. 

You  can  check  the  number  of 
hours  of  sunlight  in  the  day  on 
September  23  by  counting  the  num- 
ber of  clay  balls  that  are  Hghted  in 
each  set  on  your  globe.  You  know 
that  there  are  24  hours  in  a day, 
and  there  are  24  clay  balls  in  each 
set.  The  number  of  balls  lighted  in 
each  set  will  be  about  the  same  as 


the  number  of  hours  of  sunlight  in 
the  day  in  each  region. 

It  will  help  you  to  compare  Sep- 
tember 23  in  different  parts  of  the 
earth  with  other  times  in  the  year  if 
you  record  your  observations  on  a 
chart.  Look  at  the  illustration  be- 
low to  see  how  your  chart  might  be 
made.  You  might  even  make  one 
large  enough  to  hang  on  the  wall. 
At  the  side  of  the  chart  you  will 
want  to  list  the  locations  of  the 
earth  that  you  are  observing:  Arctic 
Circle,  Tropic  of  Cancer,  Equator, 
Tropic  of  Capricorn,  and  Antarctic 
Circle.  Across  the  top  of  the  chart 
you  will  need  these  dates:  Septem- 
ber 23,  December  22,  March  21, 
June  22. 


Count  the  number  of  lighted  balls 
in  each  of  the  five  different  locations 
on  the  globe.  Record  each  number 
on  the  chart  below  the  September 
23  heading.  How  do  the  five  num- 
bers compare  with  each  other?  Do 
you  see  that  they  are  about  the 
same  for  all  five  regions  of  the  globe? 
About  half  the  balls  in  each  set  are 
hghted.  This  shows  you  that  days 
and  nights  are  of  about  equal  length 
all  over  the  globe  on  September  23. 

How  the  Earth  Moves 

As  the  earth  moves  onward  in  its 
journey  around  the  sun,  some  parts 
of  the  earth  receive  different  amounts 


of  heat  energy  than  they  did  in  Sep- 
tember. Also,  days  and  nights  do 
not  continue  to  be  of  equal  length. 
Your  demonstration  wfil  help  you 
to  see  how  this  happens. 

Move  your  globe  to  the  December 
position.  Be  sure  to  keep  it  tilted  in 
the  same  direction  as  before.  Notice 
the  way  that  the  fight  now  shines 
on  the  globe.  Do  you  see  that  al- 
though you  have  not  changed  the 
tnt  of  the  globe,  the  tilts  of  the 
Northern  and  Southern  Hemispheres 
have  changed?  In  September  neither 
pole  tilts  toward  the  sun,  but  in 
December  this  is  not  so. 

Look  at  the  Southern  Hemisphere. 
How  brightly  the  fight  shines  on  this 
part  of  the  globe!  On  the  earth 


south  of  the  equator  spring  has  given 
way  to  summer.  Around  Buenos 
Aires  the  crops  are  ripening  in  the 
fields.  The  days  have  become  so 
warm  that  it  is  pleasant  to  sit  in  the 
shade  or  to  go  for  a cool  swim. 

See  how  the  fight  shines  on  the 
globe  at  the  south  pole.  Are  all 
the  clay  balls  around  the  Antarctic 
Circle  lighted?  How  many  homfs  of 
daylight  does  this  mean  that  there 
would  be  here  on  December  22? 

Now  notice  how  the  fight  shines 
on  the  equator.  This  region  still 
seems  to  be  as  brightly  lighted  in 


December  as  it  was  in  September. 
There  day  and  night  are  still  about 
equal.  The  season  has  not  changed. 

North  of  the  equator,  in  the  North- 
ern Hemisphere,  you  will  find  a dif- 
ferent story.  This  hemisphere  tilts 
away  from  the  sun  in  December. 
The  fight  spreads  out  more.  This 
means  that  the  sunlight  does  not 
produce  as  much  heat  energy  here. 
The  days  are  becoming  cold  and 
wintry.  In  Omaha  there  may  be 
snow  on  the  ground.  There  are  no 
leaves  on  most  of  the  trees.  The 
children  wear  heavy  clothing  in  order 
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to  keep  warm.  There  in  December 
autumn  is  over,  and  winter  has 
begun. 

Look  again  at  your  globe  and,  as 
before,  count  the  number  of  clay 
balls  that  are  hghted  in  each  of  the 
five  sets.  Record  the  munbers  in 
their  proper  places  on  your  chart 
and  compare  them  with  your  pre- 
vious figures.  You  will  probably  find 
that  none  of  the  clay  balls  around  the 
Arctic  Circle  are  hghted  on  Decem- 
ber 22.  If  you  hved  in  these  regions, 
you  would  not  see  the  sun  at  aU  on 
this  date.  It  would  be  so  dark  that 
it  would  be  hke  night  ah  through 
the  day. 


How  many  baUs  in  aU  do  you  see 
lighted?  Do  you  find  that  the  light 
is  sthl  shining  on  about  half  of  aU 
the  balls  on  the  globe?  The  amount 
of  sunlight  shining  on  the  earth  has 
not  changed  in  December.  But  dif- 
ferent parts  of  the  earth  now  receive 
different  amounts  of  light  and  heat 
energy  from  what  they  received 
before. 

Because  the  earth  is  tilted,  there 
are  more  hom*s  of  daylight  south  of 
the  equator  in  December  than  there 
are  in  September.  At  the  same  time 
there  are  more  hours  of  night  and 
fewer  hours  of  day  in  the  Northern 
Hemisphere.  Because  of  the  earth’s 


December  22  in  the  antarctic  regions 


tilt  also  the  sunlight  in  December 
spreads  out  more  above  the  equator 
than  below.  As  the  sunhght  spreads 
out,  it  produces  less  heat  energy. 
Does  this  help  you  to  see  how  there 
can  be  short,  cold,  winter  days  in 
Omaha  at  the  very  same  time  that 
people  in  Buenos  Aires  are  enjoying 
the  long,  warm  days  of  summer? 

Still  keeping  your  globe  tilted  in 
the  same  direction,  move  it  to  the 
March  position.  Again  observe  how 
the  hght  falls  on  different  parts  of 
the  globe.  Count  the  number  of 
clay  balls  that  are  hghted  and  enter 
the  figures  on  your  chart. 


You  will  find  that  days  and  nights 
are  about  equal  everywhere  on  the 
globe  in  March,  as  they  were  in 
September.  In  March  also  neither 
hemisphere  is  tilted  more  than  the 
other  toward  the  sun.  Places  north 
of  the  equator  receive  about  as  much 
light  and  heat  energy  in  March  as 
those  the  same  distance  south  of  the 
equator.  But  again  the  seasons  are 
different. 

You  remember  that  December  was 
a time  of  higher  temperatures  in  the 
Southern  Hemisphere  and  of  lower 
temperatures  in  the  Northern.  As 
the  months  change  from  December 
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to  March,  the  temperatures  rise  in 
the  Northern  Hemisphere  while  they 
are  dropping  south  of  the  equator. 
Even  though  in  March  the  tem- 
peratures of  both  hemispheres  are 
becoming  somewhat  the  same,  the 
seasons  are  different.  This  is  be- 
cause the  weather  in  one  hemisphere 
is  moving  from  a period  of  warmth 
to  a cooler  time  while  just  the  op- 
posite is  happening  in  the  other 
hemisphere. 


Move  your  globe  to  the  June  posi- 
tion and  again  notice  how  the  light 
energy  concentrates  in  some  parts 
of  the  globe  and  spreads  out  in 
others.  Count  the  number  of  clay 
balls  lighted  in  each  place.  What 
would  the  seasons  now  be  in  Omaha 
and  Buenos  Aires? 


l\/\arcV>  2\ 


The  Seasons  Change 


We  have  seen  that  as  day  follows 
day  throughout  the  year,  the  seasons 
in  the  Northern  and  Southern  Hemi- 
spheres are  different.  While  it  is  au- 
tumn in  one  hemisphere,  it  is  spring 
in  the  other.  This  is  true  of  summer 
and  winter  also.  Yet  at  the  equator 
at  sea  level  the  temperature  hardly 
varies  at  all  from  month  to  month. 


Here  there  is  no  summer  nor  winter, 
spring  nor  fall. 

Do  you  see  now  how  all  this  is  pos- 
sible? You  remember  that  the  north 
pole  of  our  earth  is  always  tilted 
toward  the  North  Star.  As  the  earth 
travels  about  the  sun,  however,  sun- 
light strikes  our  tilted  earth  in  vary- 
ing ways.  At  the  equator  there  is 
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hardly  any  change.  The  amount  of 
heat  energy  from  the  sun  varies 
when  the  light  spreads  out  in  the 
Northern  and  Southern  Hemispheres. 
The  numbers  of  hours  of  daylight 
vary  also.  The  seasons  change  as 

LEARNING  MORE 

1.  How  does  seasonal  change  affect 
what  we  do?  You  might  list  some 
activities  that  are  affected  by  sea- 
sonal change. 

2.  Have  one  of  your  friends  meas- 
ure your  shadow  at  nine  o’clock  in 
the  morning,  at  twelve  o’clock  noon, 
and  at  three  o’clock  in  the  after- 
noon. Observe  the  size  of  your 
shadow.  When  is  it  the  longest? 
When  is  it  the  shortest?  Where 
does  the  sun  seem  to  be  for  each  of 
the  shadows  you  made? 

After  a month  repeat  the  making 
of  your  shadow.  Your  shadow 
should  be  measured  at  the  same 
times  during  the  day  as  before.  Do 
you  observe  a difference  in  the 
length  of  your  shadow?  What  makes 
the  difference?  During  which  sea- 
son would  your  shadow  be  the  long- 
est? the  shortest? 

3.  To  find  out  that  the  hours  of 
sunlight  change  from  one  day  to 


first  one  pole  and  then  the  other  is 
tilted  toward  the  sun.  Autumn, 
winter,  spring,  and  summer — one 
season  follows  another  because  the 
earth  is  tilted  as  it  makes  its  yearly 
trip  around  the  sun. 

ABOUT  SEASONS 

another,  you  can  do  this:  keep  a 
record  of  the  time  the  sun  rises  and 
sets  each  day.  If  the  sun  rises  be- 
fore you  get  up  in  the  morning,  you 
can  probably  get  this  information 
from  a newspaper,  radio  broadcast, 
or  television  program. 

Why  are  the  hours  of  sunlight  less 
each  day  in  autumn  in  North  Amer- 
ica? Why  do  the  hours  of  sunlight 
increase  here  each  day  during  spring? 

4.  Explain  why  the  sun  seems  to 
rise  in  the  east  and  seems  to  set  in 
the  west  each  day. 

5.  Choose  a city  in  Europe  and  a 
city  in  Australia  and  make  a chart 
showing  what  seasons  each  would  be 
having  during  March,  June,  Sep- 
tember, and  December. 

6.  Observe  where  the  sun  rises 
and  sets  in  the  sky  one  day  each 
week  for  several  months.  Does  the 
position  of  the  sun  in  the  sky  seem 
to  have  changed?  Why? 

I LiBRARY  OF  THE  UNIVERSITY  I 
I OF  ALBERTA  | 


Energy  and  Plant  Growth 


Plants  and  Sources  of  Energy 


Did  you  ever  think  that  there  is  quite  a bit  of  energy 
locked  in  a tiny  seed?  In  the  picture  you  can  see  a sun- 
flower plant  which  has  grown  from  a seed  planted  in  a 
garden.  The  children  who  are  caring  for  this  plant  are 
keeping  a record  of  its  growth.  They  have  found  that 
it  has  grown  over  feet  in  a month.  It  takes  quite  a 
"'push”  for  a plant  to  grow  so  high  so  quickly. 

You  might  record  the  growth  of  a sunflower  plant, 
just  as  these  children  are  doing.  A sunflower  will  grow 
in  a pot  indoors  if  it  is  kept  in  a sunny  place.  First,  plant 
a common  sunflower  seed  about  1 inch  deep  in  soil.  Then 
press  the  soil  down  firmly  over  it.  You  might  say  that 
there  is  a double  lock  on  the  tiny  plant  inside  the  seed. 
The  plant  is  locked  in  the  seed,  and  the  seed  itself  is  held 
down  by  the  weight  of  the  soil  pressed  firmly  above  it. 
But  if  you  keep  the  soil  damp,  the  small  plant  will  split 
the  seed  open  and  push  its  way  up  through  the  soil  in  a 
matter  of  days. 

The  energy  for  the  beginning  growth  and  push  of  the 
plant  comes  from  food  stored  inside  the  seed.  But  the 
plant  could  not  keep  on  growing  unless  it  was  able  to 
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manufacture  more  food.  This  is  used  by  the  plant  to 
supply  chemical  energy  for  further  growth. 

In  order  to  manufacture  food,  the  plant  must  have  a 
source  of  energy  outside  itself.  This  energy  is  supplied 
by  the  sun.  If  the  right  conditions  prevail,  the  plant 
inside  a sunflower  seed  may  supply  itself  with  enough 
chemical  energy  to  grow  10  or  more  feet  taU. 

It  is  interesting  to  observe  a full-grown  sunflower 
plant  in  bloom.  You  can  see  how  sensitive  it  is  to  sun- 
light. All  day  long  the  blossom  slowly  turns  to  face  the 
sun.  As  the  sun  sets,  the  sunflower  will  be  facing  west. 
It  will  face  west  throughout  the  night.  But  at  sunrise  it 
wiU  swing  back  to  the  east  to  face  the  rising  sun. 

Like  other  green  plants  sunflowers  make  use  of  the 
sun^s  energy  to  manufacture  food  in  their  leaves.  But 
light  energy  is  not  all  that  plants  need.  In  fact,  in  most 
cases  no  hght  energy  reaches  seeds  when  the  tiny  plants 
inside  them  flrst  begin  to  grow.  It  is  dark  down  in  the 
soil  where  seeds  are  planted. 

What  starts  a plant  growing  from,  a seed?  Your  class 
might  like  to  have  a discussion  about  this. 


Plant  Growth  and  Water 


Water  is  needed  by  plants  to 
manufacture  their  food.  Water  does 
not  supply  the  energy  for  plant 
growth  directly.  But  without  water 
plants  would  not  be  able  to  manu- 
facture their  energy  supply. 

More  than  70  per  cent  of  the 
weight  of  certain  plants  is  made  up 
of  water.  Seeds  also  contain  water, 
although  the  water  present  in  seeds 
may  fall  as  low  as  10  per  cent  or 
even  less.  The  young  plant  in  a seed 
will  not  start  to  grow  until  addi- 
tional water  is  provided  for  it. 

Water  Enters  the  Plant 

How  is  water  taken  in  by  the 
tiny  plant  inside  a seed?  You  might 
try  an  experiment  to  see  how  seeds 
begin  to  grow.  Put  some  kernels  of 
corn  on  a piece  of  blotting  paper  in 


a dish.  Keep  the  blotting  paper 
damp  and  watch  the  seeds  from  day 
to  day.  Soon  you  will  see  that  the 
kernels  have  split  open  and  tiny 
roots  have  appeared.  Later  the  rest 
of  the  plants  will  begin  to  develop. 

Plants  take  in  water  through  their 
roots.  In  most  cases  the  water  that 
plants  use  comes  to  them  from  the 
soil.  Their  roots  extend  down  into 
the  soil  and  draw  water  from  it. 
Water  is  not  taken  in  by  the  whole 
roots,  however.  There  are  certain 
little  extensions  on  roots  through 
which  water  enters.  These  are 
called  root  hairs.  They  are  thin 
tubes,  closed  at  the  free  end,  and  are 
capable  of  absorbing  water  through 
their  smface.  The  length  of  root 
hairs  varies.  Some  are  quite  small. 
Others  may  be  as  long  as  J inch. 
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Often  when  a plant  is  dug  up  and 
replanted  in  another  spot,  the  root 
hairs  are  destroyed.  The  plant  will 
wilt  and  may  die  because  it  will  not 
be  able  to  take  in  water.  But  as  you 
have  probably  noticed,  the  wilted 
plant  may  "'pick  up”  again.  This 
happens  as  new  root  hairs  are  formed. 
The  freshly- grown  root  hairs  allow 
water  to  enter  the  plant  again. 

Root  hairs  do  not  live  very  long, 
even  on  a plant  which  is  not  moved 
or  disturbed.  Each  root  hair  works 
well  for  only  a few  days  or  weeks. 
Then  it  is  no  longer  of  any  use  to  the 
plant.  It  shrivels  and  dies.  But 
new  hairs  are  always  being  formed 
by  the  plant  as  it  grows.  In  this 
way  there  are  enough  root  hairs  to 
keep  a good  supply  of  water  moving 
into  the  plant. 


Some  plants  have  roots  that  grow 
deep  down  into  the  soil.  The  roots  of 
other  plants  are  near  the  surface. 
There  are  examples  of  both  kinds  of 
roots  among  the  many  plants  that 
grow  in  deserts. 

Desert  soil  usually  contains  very 
Httle  water.  Some  desert  plants, 
such  as  mesquites  and  yuccas,  have 
long  roots,  which  reach  down  to 
water  that  may  be  deep  under- 
ground. The  roots  sometimes  grow 
to  be  40  feet  long.  Many  cacti  have 
roots  that  spread  out  just  below  the 
surface  of  the  soil.  These  plants 
can  get  water  quickly  when  showers 
come. 

Roots  Take  in  Minerals 

In  addition  to  water  there  are 
other  materials  which  enter  plants 
through  their  root  systems.  These 
materials  are  called  mineral  ele- 
ments. They  are  found  in  good  top- 
soil and  are  necessary  to  plants  for 
proper  growth.  Without  them  a 
plant  may  develop  so  poorly  that 
it  will  die. 

Scientists  do  not  always  agree 
which  mineral  elements  are  most 
needed  by  plants.  There  are  seven 
of  these  elements  that  most  scientists 
consider  very  important.  These  are 
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potassium,  calcium,  nitrogen,  iron, 
sulfur,  phosphorus,  and  magnesium. 
There  are  other  minerals  that  may 
be  as  important  in  the  growth  of 
healthy  plants,  but  plants  need  only 
very  small  amounts  of  each. 

Each  mineral  is  important  to  a 
plant  in  a particular  way.  For 
example,  there  is  magnesium  in 
chlorophyll.  Chlorophyll  is  a chemi- 
cal in  the  leaves  of  plants  which 
they  use  in  manufacturing  food. 
Without  magnesium  a plant  would 
have  no  chlorophyll  and  would  not 
be  able  to  make  food.  So  a decrease 
in  magnesium  would  mean  a de- 
crease in  the  amount  of  energy  a 
plant  has  for  growth. 

Some  of  the  minerals  in  soil  dis- 
solve in  water.  They  are  taken 
into  plants  with  the  water  which  the 
roots  absorb.  But  plants  take  some 


minerals  directly  from  soil.  Then- 
roots  are  able  to  dissolve  minerals 
and  take  them  in  through  the  root 
surfaces. 

Some  children  tried  an  experiment 
which  helped  to  demonstrate  that 
roots  can  dissolve  mineral  elements. 
A piece  of  highly  polished  marble 
was  covered  with  about  an  inch  of 
soil.  Some  bean  seeds  were  planted 
in  the  soil  and  watered.  As  the 
bean  plants  developed,  some  of  the 
roots  came  in  contact  with  the 
marble. 

The  plants  were  allowed  to  grow 
for  several  weeks  without  being  dis- 
turbed. Then  the  marble  was  re- 

X/ 

moved  and  the  soil  washed  from  it. 
The  appearance  of  the  marble  had 
changed.  Where  the  roots  had  been 
in  contact  with  it,  they  had  left  a 
pattern.  This  pattern  was  made  as 
the  roots  dissolved  the  mineral  ele- 
ments of  the  marble. 
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The  mineral  elements  found  in 
soil  are  highly  necessary  to  plants. 
But  plants  can  be  grown  without 
soil  if  water  and  the  necessary  ele- 
ments are  supplied.  This  kind  of 
agriculture  is  called  hydroponics. 

There  are  certain  difficulties  in 
hydroponic  farming.  As  you  know, 
when  plants  are  grown  in  soil,  the 
soil  serves  to  support  them.  With- 
out soil,  plants  must  be  supported  in 
some  way.  Also,  little  green  plants 
known  as  algae  are  apt  to  grow  on  the 
surface  of  the  solution  of  water  and 
minerals.  Some  method  must  be 
used  to  control  the  growth  of  these 
algae.  One  way  of  doing  this  is  to 
cover  the  surface  of  the  water  so 
that  sunlight  does  not  strike  it. 
Despite  these  difficulties  hydro- 
ponics may  prove  to  be  a very  useful 
way  of  producing  large  quantities  of 
food  in  the  future. 


Leaves  Give  Off  Water 

Water  passes  through  the  root 
hairs  and  moves  up  through  the 
plant.  You  might  say  that  there  is  a 
stream  of  water  moving  through  the 
plant  from  roots  to  leaves.  In  the 
leaves  of  the  plant  some  of  the  water 
is  used  in  the  manufacture  of  food. 
Much  of  the  rest  of  the  water  is 
given  off  by  the  leaves. 

In  late  summer  or  early  autumn 
many  trees  lose  all  their  leaves. 
These  trees  are  called  deciduous. 
Cottonwoods,  maples,  elms,  and 
birches  are  deciduous  trees  you  may 
have  seen. 

Deciduous  trees  give  off  much 
water  through  their  leaves.  When 
there  is  little  water  that  trees  can 
use  in  the  ground,  the  trees  may  lose 
too  much  water  through  their  leaves. 

Hydroponic  farming 


Autumn  is  the  season  of  the  year 
when  the  days  begin  to  grow  shorter 
than  the  nights.  There  is  less  light 
and  heat  energy.  When  less  of  the 
sun’s  energy  reaches  a region  of  the 
earth,  the  ground  grows  cold,  and 
there  is  less  water  in  the  soil  for 
trees  to  use.  Perhaps  you  have 
never  thought  that  plants  must  live 
under  desert-like  conditions  when 
the  weather  is  very  cold. 

When  the  ground  is  frozen,  the 
water  in  the  soil  is  in  the  form  of  ice. 
Plants  can  use  water  only  in  its 
liquid  form.  Of  course  they  cannot 
take  ice  up  through  their  stems. 

Have  you  ever  looked  carefully  at 
frozen  soil?  If  you  live  in  a place 
where  the  ground  freezes  in  winter, 
try  digging  up  some  of  the  frozen 
soil.  Or  stamp  on  the  ground  with 
your  feet.  Does  it  feel  hard? 

You  might  try  freezing  some  soil 
and  examining  it.  Put  some  soil  in 


a container  that  will  go  into  the 
freezing  unit  of  your  refrigerator. 
Wet  the  soil  well  and  leave  it  in  the 
unit  for  several  hours.  Do  you  see 
any  water  that  plants  could  use? 

As  times  of  lessened  heat  and 
light  energy  approach,  the  leaves 
of  deciduous  trees  are  dropped.  A 
thin  separation  layer  grows  at  the 
base  of  each  leafstalk.  It  develops 
between  the  stalk  of  the  leaf  and  the 
branch  on  which  the  leaf  is  growing. 
As  soon  as  the  separation  layer  is 
completely  formed,  it  cuts  off  the 
supply  of  water,  and  the  leaf  drops. 

There  is  no  opening  where  each 
leaf  has  been.  A layer  of  tissue 
grows  over  the  spot  where  the  leaf 
was  attached  to  the  branch.  This 
spot  is  called  a leaf  scar. 

You  might  like  to  examine  the  leaf 
scars  on  some  of  the  trees  and  shrubs 
in  your  schoolyard  or  perhaps  in  a 
park.  Leaf  scars  are  easy  to  see  on 
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Leaves  of  deciduous  trees 


Lea\ 


V es  of  evergreens 


twigs  in  the  autumn,  but  you  can  see  them  at  other  times 
of  the  year  also. 

Probably  you  have  seen  some  deciduous  trees  in  your 
neighborhood  that  have  not  lost  all  their  leaves  in  the 
autumn.  Certain  kinds  of  oak  trees  and  other  plants 
keep  some  of  their  dead  leaves  most  of  the  winter.  On 
these  plants  the  separation  layers  may  not  have  com- 
pletely formed.  Sometimes  the  veins  which  go  from  the 
twigs  through  the  stems  of  the  leaves  may  not  have 
broken.  The  leaves  usually  fall  off  by  spring. 

Some  trees  stay  green  as  long  as  they  live.  They  never 
lose  all  their  leaves  at  once.  The  leaves  of  some  ever- 
green trees  live  for  three,  four,  or  more  years.  Some  new 
leaves  grow  each  year,  and  each  year  some  of  the  older 
leaves  drop  off.  It  is  possible  for  evergreen  plants  to  lose 
some  of  their  leaves  at  any  time  during  the  year  because 
the  separation  layers  may  form  at  any  time. 

The  leaves  of  some  evergreen  plants  fall  at  regular 
times  during  the  year.  The  white  pine  sheds  many  of 
its  two-year-old  or  three-year-old  leaves  in  late  autumn. 
But  there  are  always  some  leaves  left  on  the  plant. 

Many  evergreen  plants  have  needle-like  leaves.  These 
plants  lose  less  water  than  do  most  plants  with  broad 
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leaves.  A live  oak  is  an  evergreen  which  has  quite  dif- 
ferent leaves.  Its  leaves  may  be  several  inches  long  and 
up  to  3 inches  wide.  They  are  not  at  aU  like  pine  needles. 
These  leaves  stay  on  the  tree  a year  or  longer.  Then  they 
turn  brown  and  faU  off.  New  leaves  have  already  come 
out.  A live  oak  has  green  leaves  on  it  all  year.  Live  oaks 
do  not  grow  where  the  winters  are  severe. 

The  surface  from  which  water  can  go  into  the  air  is 
less  in  desert  plants  than  in  the  large  leaves  of  trees  such 
as  maples  and  oaks.  The  outside  covering  of  the  leaves 
of  desert  plants  is  harder  and  thicker  than  the  covering 
of  maple  and  oak  leaves.  These  things  help  to  make  it 
possible  for  plants  to  live  where  there  is  very  little  water. 

A plant  called  an  ocotillo  grows  in  some  parts  of  the 
southwestern  desert  of  North  America.  This  plant  has 
produced  new  leaves  as  many  as  eight  times  a year.  When 
no  water  is  available,  the  leaves  turn  brown  and  drop  off. 

Many  desert  plants  have  small,  stiff  leaves.  The  leaves 
of  the  creosote  bush  are  hard  and  look  as  though  covered 
with  shellac.  The  leaves  of  some  plants  look  waxy;  others 
are  covered  with  fine,  short  hairs.  On  some  plants  spines 
take  the  place  of  leaves.  Water  does  not  evaporate 
quickly  from  leaves  like  these. 


Live  oak 


Plants  Use  Energy 


Energy  from  the  sun  provides 
light  and  heat  through  the  year. 
Plants  do  not  receive  the  same 
amount  of  energy  from  season  to 
season.  But  we  have  plants  in  our 
gardens  and  fields  year  after  year. 
Plants  are  able  to  make  use  of 
changing  amounts  of  energy. 

The  hours  of  sunhght  and  the 
temperatme  make  a great  deal  of 
difference  to  plants.  Even  the  water 
that  plants  need  for  growth  depends 
on  the  energy  supply.  Plants  fre- 
quently need  different  amounts  of 
energy  to  develop. 


All  plants  and  all  parts  of  plants 
are  affected  by  changing  amounts  of 
energy.  Plants  have  many  different 
ways  of  making  use  of  changes  in 
fight,  heat,  and  moisture. 

Plants  and  Light  Energy 

All  green  plants  need  fight  energy. 
When  sunlight  falls  on  their  leaves, 
these  plants  can  make  their  own 
food.  This  is  how  we  think  it  is 
done:  Water  with  minerals  dis- 
solved in  it  is  absorbed  from  the 
soil  through  the  plant  roots.  The 
water  passes  through  the  stems  to 
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the  leaves.  Carbon  dioxide  from  the 
air  enters  the  leaves  of  the  plant. 
The  water  and  carbon  dioxide  are 
changed  into  plant  material  by  means 
of  green  coloring  matter  called  chlo- 
rophyll. But  wait!  This  change 
could  not  occur  if  there  were  not 
light  energy  striking  the  leaves.  The 
energy  of  the  sun  falling  on  the 
leaves  of  the  plant  makes  the  chem- 
ical change  possible. 

The  carbon  dioxide  and  water  are 
changed  into  a new  chemical  ma- 
terial, and  the  light  energy  is  changed 
into  chemical  energy.  The  chemical 
energy  now  is  a part  of  the  plant. 
If  you  eat  the  plant  for  food,  the 
chemical  energy  of  the  plant  will  be 
used  by  you  as  muscle  energy. 

You  eat  food  so  that  you  will  have 
energy  to  play  and  work.  Hunger 
is  a sign  that  your  energy  supply  is 


low.  Why  don’t  you  just  take  a 
bowl  of  energy  from  the  sun?  You 
don’t  do  this,  because  you  cannot 
change  light  energy  to  chemical  en- 
ergy. Plants  can  do  something  that 
you  can’t  do. 

There  are  many  plants  which 
grow  with  little  or  no  sunlight. 
These  are  the  non- green  plants,  such 
as  toadstools,  mushrooms,  puff  balls, 
and  other  fungi.  The  non- green 
plants  too  use  food  to  supply  energy 
for  growth.  But  these  plants  are 
not  able  to  manufacture  their  own 
food.  They  must  get  food  ready- 
made. 

Some  non- green  plants  attach 
themselves  to  green  plants.  They 
draw  their  food  from  inside  the 
green  plants.  Others  draw  then- 
food  from  the  decayed  parts  of 
green  plants  and  animals  in  the  soil. 
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So  you  see,  plants  use  light  energy 
directly  or  indirectly.  Green  plants 
use  sunlight  to  manufacture  food  for 
growth.  Non- green  plants  use  the 
chemical  energy  of  green  plants  in 
order  to  grow. 

The  amount  of  light  energy  which 
is  received  by  a region  has  a great 
deal  to  do  with  the  kinds  of  plants 
able  to  grow  there.  The  chart  on 
this  page  shows  the  length  of  day  at 
different  places  in  North  America  on 
June  22.  Notice  how  many  more 
hours  of  sunlight  there  are  on  that 
day  in  Juneau  than  in  Mexico  City. 
The  northern  regions  have  more 
hours  of  sunlight  each  day  during 
the  growing  season.  This  makes  it 
possible  for  many  plants  to  grow 


Hours  of  sunlight  on 

June  22 

Juneau,  Alaska 

hours 

Winnipeg,  Canada 

16^  hours 

Seatfle,WashTnqton#  i 6 hours 

Salt  Lake  City,  Utah 

1 5 hours 

A\tj  anta,  Georgia 

14^  hours 

New  Orleans, Louisiana 

14  hours 

Mexico  City,  Mexico 

IS^hours 

well  in  summer  in  the  northern  part 
of  the  United  States  and  in  Canada. 
From  fifty  to  sixty  days  after  some 
plants  begin  growing,  they  may  be 
ready  to  harvest. 

Large  crops  of  hay,  wheat,  and 
potatoes  and  other  vegetables  grow 
in  some  parts  of  Alaska.  The  many 
hours  of  sunshine  each  day  during 
the  summer  help  these  plants  to 
grow  quickly.  Hair  vest  time  is  over 
before  the  frosts  of  autumn  begin. 

In  the  northern  part  of  the  Central 
Valley  of  California,  oranges  ripen 
faster  than  they  do  in  southern 
Cahfornia.  In  fact,  the  oranges  are 
ready  for  market  several  weeks  earlier 
than  they  are  400  miles  farther 
south.  This  is  partly  due  to  the 
longer  period  of  sunshine  each  day 
during  the  growing  season. 

Scientists  have  experimented  with 
plants  to  find  out  how  the  length  of 
day  affects  them.  They  found  that 
some  plants  produce  flowers  and 
fruit  only  when  the  days  are  long. 
They  are  called  long-day  plants.  In 
order  to  bloom,  plants  such  as  let- 
tuce, radishes,  and  red  clover  need 
more  than  twelve  hours  of  sunlight 
each  day. 

Other  plants  bloom  only  when  the 
days  are  shorter,  when  there  are 
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fewer  hours  of  sunlight.  They  are 
called  short-day  plants.  Tobacco, 
soybeans,  and  ragweed  are  some 
plants  that  are  short-day  plants. 

Many  plants  are  neither  long-day 
nor  short-day  plants.  They  will 
bloom  when  there  are  many  hours  of 
sunlight  each  day  and  also  when 
there  are  few.  People  who  study 
plants  say  that  most  plants  probably 
belong  to  this  group. 

Plants  and  Heat  Energy 

In  most  places  summer  and  winter 
temperatures  are  very  different.  On 
one  of  the  coldest  days  of  winter  in 
Winnipeg,  Canada,  the  temperature 
dropped  to  41°  below  zero  Fahrenheit. 
In  summer  on  one  of  the  hottest 
days  the  temperature  rose  to  107°  F 
in  Winnipeg.  The  temperature  va- 
ried 148  degrees.  What  a great 
difference  that  was  between  the  hot- 
test and  the  coldest  day  of  the  year! 


In  Key  West,  Florida,  in  one  year 
a difference  of  only  51  degrees  be- 
tween the  hottest  and  the  coldest 
day  was  recorded.  In  both  Winnipeg 
and  Key  West  the  temperature  of  the 
air  varied.  But  in  Winnipeg  the 
difference  in  temperature  was  much 
greater  than  it  was  in  Key  West. 

In  other  parts  of  the  world  there 
are  other  differences  in  temperature 
from  one  season  to  another.  There 
are  also  many  places  on  the  earth 
where  the  temperature  may  change 
very  little  throughout  the  year. 

Scientists  have  experimented  with 
plants  at  different  temperatures. 
They  tell  us  that  many  plants  can 
stand  cold  winter  temperatures,  but 
during  that  time  they  do  not  grow. 
In  arctic  regions  some  plants  live 
through  temperatures  far  below 
freezing. 
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Some  plants  can  also  stay  alive 
when  the  temperature  of  the  air  be- 
comes as  high  as  122°  F.  However, 
there  is  a certain  temperature  at 
which  each  kind  of  plant  grows  best. 
This  means  that  although  a plant 
may  be  able  to  live  at  a tempera- 
ture just  above  the  freezing  point  of 
water,  it  may  grow  very  slowly.  It 
may  not  be  able  to  grow  to  its 
normal  size.  If  the  temperature 
climbed  above  110°  F,  perhaps  the 
same  plant  could  not  grow  at  all. 
At  a temperature  of  80°-90°  F this 
plant  may  grow  its  fastest. 

Oats,  melons,  and  apple  trees  need 
quite  different  temperatures  in  order 
to  grow  and  develop  seed.  Winter 
wheat  grows  best  where  it  can  begin 
growing  in  the  cool  days  of  autumn. 
It  lives  tlirough  a moderately  cold 
winter.  Then  it  will  develop,  pro- 


duce seeds,  and  ripen  in  early  sum- 
mer before  the  heat  of  midsummer 
arrives. 

Sometimes  the  temperature  of  the 
air  changes  very  quickly.  If  this 
happens,  plants  may  be  injured. 
Perhaps  you  know  of  places  where  a 
sudden  drop  in  temperature  killed 
most  of  the  blossoms  on  fruit  trees. 
As  a result  there  was  little  fruit  in 
the  autumn.  In  some  places  smudge 
pots  are  burned  to  protect  the  plants 
from  quick  drops  in  temperature 
that  might  kill  the  blossoms  or  injure 
the  fruit.  Plants  may  also  be  injured 
if  the  temperature  rises  very  quickly. 


Plants  Continue  on  Earth 


As  far  back  as  we  are  able  to 
search  in  written  records,  we  find 
that  there  have  been  plants  growing. 
Many  of  our  present-day  food  plants 
have  been  cultivated  from  the  be- 
ginning of  man’s  recorded  history. 
Some  plants  have  been  cultivated 
since  long  before  man  was  able  to 
leave  written  records  of  their  use. 

All  the  plants  which  man  learned 
to  cultivate  and  care  for  existed 
originally  as  wild  plants.  In  fact, 
we  think"  that  there  were  plants  on 
the  earth  even  before  there  were  men. 
Plants  have  been  on  the  earth  a 
long,  long  time. 

Think  how  important  such  plants 
as  wheat,  cabbage,  oats,  and  carrots 
are  to  us.  Then  remember  that  man 
has  been  growing  these  plants  for 
thousands  of  years.  Cucumbers  and 


onions  have  been  cultivated  for  at 
least  4000  years.  Rice  has  probably 
been  grown  for  more  than  6000 
years. 

How  has  the  supply  of  rice,  cab- 
bage, onions,  and  other  such  plants 
kept  up  all  through  these  thousands 
of  years? 

Some  Plants  Make  Many  Seeds 

Certain  plants  grow,  blossom, 
make  seeds,  and  die  within  a short 
time.  It  is  possible  to  grow  these 
plants  year  after  year  because  each 
plant  makes  many  seeds.  Inside 
each  seed  there  is  a young  plant. 
The  young  plant  can  stay  alive 
inside  the  seed  for  a long  time.  Each 
seed  will  grow  into  a new  plant  when 
the  right  amounts  of  moisture,  heat, 
and  light  are  provided. 
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When  you  plant  seeds  in  your 
garden  in  the  spring,  you  are  plant- 
ing seeds  which  were  produced  by 
plants  during  the  long,  warm  days 
of  the  summer  before.  Perhaps  you 
gathered  the  seeds  from  the  plants 
yourself.  Perhaps  someone  else  gath- 
ered seeds  from  his  garden  and  sent 
them  to  the  store  where  you  bought 
them. 

Not  all  seeds  are  gathered  and 
kept  to  be  planted.  Often  many 
seeds  fall  to  the  ground.  Some- 
times these  seeds  are  able  to  live 
through  the  cold  of  winter.  The 
following  spring  they  will  start  to 
grow. 

To  see  this  happen,  you  can  try 
an  experiment  with  a small  amount 
of  soil.  Put  about  a cupful  of  soil 
in  a glass  jar  and  water  it.  In  about 
a week’s  time  you  will  probably  see 
some  small  plants  beginning  to  grow. 
Yes,  there  were  seeds  in  the  soil. 


They  began  to  grow  when  enough 
heat  energy  and  water  were  provided. 

Plants  Store  Food 

Some  plants  make  seeds  and  store 
food  in  them.  Some  also  store  food 
in  their  underground  parts.  The 
first  year,  the  young  plants  grow 
from  seeds  and  develop  leaves  above 
the  ground.  Plants  make  food  dur- 
ing the  time  when  there  is  plenty  of 
heat  and  light  energy.  This  food  is 
stored  during  the  growing  season  in 
the  underground  parts  of  the  plants. 
When  cold  weather  comes,  the  parts 
of  the  plants  that  are  above  the 
ground  may  die.  The  underground 
parts  remain  alive,  but  in  a resting 
stage.  In  this  way  the  plants  can 
live  through  the  winter. 

The  next  year,  when  there  is 
enough  warmth,  water,  and  light,  the 
plants  begin  to  grow  again.  Later, 
flowers  develop  and  seeds  form.  Even 


3 


if  the  plants  die,  new  plants  will 
grow  from  the  seeds. 

Certain  plants  store  some  of  the 
food  made  during  the  growing  sea- 
son in  underground  parts  called 
bulbs.  Onions  live  through  the 
winter  months  as  bulbs.  When  the 
growing  season  comes  again  in  the 
spring,  the  onion  bulbs  send  up 
stalks  on  which  may  grow  flowers 
and  then  seeds. 

When  a farmer  wants  to  grow  the 
green  onions  which  we  see  in  the 
markets  early  in  the  spring,  he  does 
not  plant  seeds.  He  plants  small 
onion  bulbs.  These  grow  rapidly 
because  food  is  stored  in  the  bulbs. 
When  the  plants  begin  to  grow, 
they  use  this  stored  food. 

If  you  cut  an  onion  bulb  in  half, 
you  can  see  the  new  shoot  in  the 
center.  Do  you  notice  the  thick 


leaves  surrounding  the  shoot?  These 
leaves  are  flUed  with  stored  food. 

A white  potato  is  made  up  of  food 
which  the  potato  plant  stored  in  its 
underground  stem.  You  can  do  an 
experiment  to  see  how  important  this 
stored  food  is  to  the  plant.  Choose 
a potato  with  several  well-developed 
eyes,  or  buds.  You  will  need  to  cut 
three  cubes  out  of  the  potato,  each 
with  a single  bud.  Make  the  sides  of 
one  cube  J inch.  The  sides  of  the 
second  cube  should  be  1 inch  and  of 
the  last  cube  2 inches. 

Now  plant  each  cube  in  a separate, 
small  flowerpot  and  mark  the  pots. 
Watch  the  size  of  the  shoots  which 
come  from  each  of  the  three  buds. 
Do  you  see  how  much  larger  the 
shoot  is  that  comes  from  the  bud 
with  the  most  stored  food? 

Plants,  such  as  trees,  that  live 
on  year  after  year  also  store  food 
in  their  stems,  but  their  stems  are 
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not  underground.  There  is  much 
plant  food  stored  in  the  trunks  of 
trees. 

Water  is  also  stored  by  plants. 
Some  evergreens  hold  water  in  their 
stems,  or  trunks,  which  the  plants 
use  when  little  water  is  available 
from  the  soil. 

Many  cacti  are  able  to  store  water 
to  be  used  when  there  is  no  rain. 
Some  have  water  stored  in  then- 
stems.  There  are  other  plants  whose 
leaves  are  thick  and  protected  by  a 
tough  covering.  Water  can  be  stored 
in  these  leaves.  Perhaps  you  have 
seen  a plant  of  this  kind  called  hen 
and  chickens. 

Plants  Form  Buds 

Plants  that  go  into  a resting 
stage  must  have  some  way  of  start- 
ing to  grow  again  after  the  winter  is 
over.  During  warm  weather  these 
plants  make  use  of  some  of  their 
energy  to  form  buds. 


Many  deciduous  trees  and  shrubs 
look  as  if  they  were  dead  during  the 
winter,  when  their  branches  are 
brown  and  bare.  However,  the 
branches  and  roots  of  these  plants 
stay  alive  all  winter.  When  the 
first  warm  days  of  spring  arrive,  tiny 
green  leaves  and  colored  flowers  ap- 
pear on  the  branches.  Where  did  the 
leaves  and  flowers  come  from?  They 
were  there  all  winter  long.  You  did 
not  see  them,  because  they  were 
tightly  folded  inside  buds  on  the 
branches  of  the  plants. 

The  buds  on  most  trees  are  covered 
by  scales  which  protect  the  leaves 
and  flowers  inside  the  buds  from 
very  cold  weather.  On  some  plants 
the  bud  scales  are  covered  with  fine 
hairs  or  a waxy  substance.  This 
covering  protects  the  buds  from 
losing  too  much  water  through 
evaporation. 

You  might  like  to  examine  the 
buds  on  a twig  of  a willow  or  a 
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maple  tree  or  some  other  deciduous 
plant.  Look  at  the  buds  on  the  sides 
of  the  twig.  Do  you  see  scales  on 
the  buds?  Do  the  scales  feel  waxy? 
Are  they  covered  with  tiny  hairs? 
Remove  the  scales  very  carefully 
and  look  at  a bud  through  a magni- 
fying glass.  What  do  you  see?  If 
you  see  tiny,  pale-green  leaves, 
gently  unfold  one  leaf  after  another. 
You  are  probably  surprised  to  find 
so  many  leaves  in  just  one  bud. 
Notice  that  they  are  fastened  to  a 
very  short  stem. 

Perhaps  the  bud  you  examined 
had  no  pale-green  leaves  in  it.  In- 
stead, you  discovered  pale-yellow 
or  pink  petals.  This  bud  is  a flower 
bud.  It  too  was  formed  the  summer 
before. 


Here  is  something  else  you  might 
do:  In  the  late  winter  or  early 
spring  find  a tree  or  shrub  that  has 
lost  its  leaves.  Pick  out  a low 
branch  so  that  you  may  look  at  the 
buds  without  harming  the  plant. 
It  is  best  not  to  handle  the  buds. 
Look  at  the  buds  carefully.  How 
are  they  arranged  on  the  branch? 
Perhaps  they  are  opposite  each  other 
like  these  shown  in  the  drawing  of  a 
branch  from  a maple  tree. 

Some  buds  alternate  on  a branch. 
That  is,  they  are  placed  one  above 
the  other  on  opposite  sides  of  the 
branch,  but  no  leaf  is  exactly  oppo- 
site any  other.  The  leaf  buds  of 
apple  and  peach  trees  alternate.  On 
other  plants,  buds  are  arranged  in  a 
circle  around  each  branch. 


Horse 
chestnut 


Some  plants  that  live  year  after 
year  do  not  have  woody  parts  as 
trees  and  shrubs  do. 

Even  plants  that  are  not  woody 
have  buds  which  live  through  the 
winter.  These  are  not  the  buds 
which  you  see  above  the  ground. 
You  do  not  usually  see  these  buds 
for  they  are  underground.  On  most 
of  these  plants  the  parts  above  the 
ground  die  when  the  cold  days 
come.  To  live  through  the  winter, 
the  buds  must  be  formed  on  the 
parts  of  the  plants  which  are  pro- 
tected from  the  cold. 


The  underground  parts  of  these 
plants  are  not  all  alike.  However, 
they  all  live  through  the  winter 
in  a resting  stage.  They  are  called 
rootstocks,  corms,  bulbs,  tubers,  or 
roots.  People  commonly  call  them 
all  bulbs  or  roots.  They  are  pro- 
tected against  the  cold  air  by  the 
soil.  Dry  grass  and  leaves  which 
cover  the  ground  also  help  to  pro- 
tect them.  Food  is  stored  in  these 
underground  parts.  The  buds  are 
formed  on  the  rootstocks  or  bulbs  or 
tubers  or  other  underground  parts 
of  the  plants.  These  buds  allow  the 
plants  to  grow  quickly  when  they 
again  receive  enough  heat  and  light 
energy  and  water. 


Climates  Change  the  Way  Plants  Live 


In  most  places  many  different 
kinds  of  plants  are  in  bloom  during 
the  summer.  In  desert  regions,  how- 
ever, there  is  often  so  much  heat  and 
so  little  rainfall  that  few  flowers 
may  be  seen  during  the  summer 
months. 

In  a place  such  as  the  Hudson 
Bay  region  in  Canada  one  can  dig 
only  a short  distance  during  the 
warmest  season  before  reaching  ice 
and  solidly  frozen  earth.  There 
lichens,  moss,  small  trees,  dwarf 
shrubs,  and  many  other  small  plants 


grow.  There,  too,  the  summer  is  so 
brief  that  in  order  to  grow  well, 
plants  must  be  able  to  blossom  and 
form  seeds  in  a very  few  weeks. 

If  you  live  in  the  southern  part 
of  the  United  States,  you  may  grow 
many  of  the  same  kinds  of  plants  in 
your  garden  that  boys  and  girls  see 
farther  north.  However,  many  of 
your  plants  will  grow  differently. 
Some  of  the  flowers  and  vegetables 
that  grow  well  in  northern  regions 
will  not  grow  at  all  where  the 
weather  is  mild  all  year  long. 
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You  are  probably  familiar  with  the 
words  annual,  biennial,  and  peren- 
nial, which  describe  plants  that  live 
one,  two,  or  more  years. 

Some  plants,  such  as  tulips  and 
hyacinths,  which  are  perennials  in 
the  north,  must  be  treated  as  bien- 
nials in  the  south.  New  bulbs  must 
be  planted  every  second  year  in 
order  to  have  these  flowers.  Still 
other  plants  that  are  annuals  in 
the  north  are  able  to  live  on  year 
after  year  in  warm  regions.  This  is 
true  of  tomatoes.  In  cool  parts  of 
the  country  these  plants  are  annuals. 
They  may  become  perennials  in 
places  which  receive  great  amounts 
of  energy  from  the  sun  throughout 
the  seasons. 

The  southernmost  part  of  the 
United  States  receives  more  energy 

SOME  THINGS  TO 

1.  When  people  long,  long  ago 
first  discovered  seeds  and  how  they 
could  use  them,  their  ways  of  living 
changed  completely.  They  were  able 
to  live  in  one  place  instead  of  wan- 
dering in  search  of  animals  for  food. 
Can  you  think  of  other  reasons  why 
the  discovery  of  seeds  and  their  use 
was  important? 


from  the  sun  all  year  long  than 
places  farther  north  do.  This  means 
that  in  some  places  there  may  be  no 
frost  at  all  during  the  year.  Plants 
growing  here  have  a long  growing 
season  and  a short  rest  period. 

Some  kinds  of  perennials  grow 
well  where  there  is  a long  rest  period 
each  year.  But  they  cannot  live 
through  a year-long  growing  season 
with  hardly  any  rest  at  all.  Lilacs 
and  peonies  are  two  perennials  that 
do  not  grow  well,  if  at  all,  where  the 
weather  is  warm  the  year  round. 

You  can  see  that  the  amounts  of 
heat,  light,  and  water  that  plants 
receive  vary  a great  deal.  They 
vary  from  one  part  of  the  earth  to 
another  and  from  season  to  season. 
Changing  amounts  of  energy  greatly 
affect  the  way  that  plants  grow. 

THINK  ABOUT 

2.  This  is  an  experiment  you  can 
do  with  biennials  that  will  take 
several  weeks:  Plant  the  whole  roots 
of  beets,  turnips,  and  carrots  in  pots 
of  soil.  Label  each  pot  with  the 
name  of  the  root  you  planted  in  it. 
Keep  the  pots  in  a sunny  place  and 
water  the  soil  when  it  becomes 
slightly  dry. 
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Watch  your  experiment  carefully. 
After  several  days  do  you  see  some 
green  shoots  growing  through  the 
soil?  After  some  weeks  your  plants 
may  have  flowers.  Why? 

3.  Some  perennials,  like  the  wild 
morning-glory,  may  become  so  thick 
that  they  are  pests.  Why  is  it  diffi- 
cult to  get  rid  of  these  plants  by 
cutting  off  only  the  stems  and  leaves? 

4.  Carefully  cut  one  or  two  twigs 
from  trees  or  shrubs.  You  may  col- 
lect forsythia  or  willow  or  lilac,  but 
do  not  cut  more  than  you  can  use. 
Put  the  twigs  in  water.  How  do 
they  look  after  several  days?  Do 
the  buds  all  open  on  the  same  day? 

5.  Some  plants  are  long-day  plants, 
and  others  are  short-day  plants. 
How  could  this  information  help  a 
florist  to  have  plants  in  bloom  all 
through  the  year? 


6.  You  might  try  an  experiment  to 
help  you  understand  what  happens 
to  the  leaves  of  a plant  when  the 
hours  of  sunlight  are  lessened.  You 
will  need  a cardboard  box  and  two 
growing  geranium  plants  about  the 
same  size.  Punch  several  small  holes 
in  the  box.  The  holes  will  allow  air 
to  get  in.  Cover  one  of  the  geranium 
plants  with  the  box  and  leave  it  for 
three  or  four  honrs.  Then  remove 
the  box  from  the  plant  for  the  re- 
mainder of  the  day.  Do  this  to  this 
same  plant  each  day  for  a week. 
Give  each  plant  the  same  amount  of 
water  each  day. 

Observe  the  leaves  of  the  two 
plants  carefully.  Is  there  a change 
in  the  color  of  the  leaves  of  one  of 
the  plants?  If  the  leaves  do  not  get 
enough  sunlight  to  keep  on  making 
food  for  the  plant,  how  do  they  look? 
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Animals  and  Seasonal  Change 


Changes  All  around  Us 


There  is  hardly  a place  in  the  world  where  there  are 
no  changes  in  the  weather.  Can  you  think  of  any  place 
which  does  not  have  a change  of  some  kind  or  another? 

Of  course  you  remember  some  of  the  changes  that  have 
taken  place  where  you  live  each  day,  week,  and  month. 
We  are  all  familiar  with  the  change  from  a warm  to  a 
cold  period  and  from  rainy  to  sunny  weather. 

You  might  expect  the  weather  to  stay  much  the  same 
day  after  day  in  the  tropics.  However,  even  here  there 
are  many  changes  taking  place.  There  are  many  regions 
in  the  tropics  that  have  long,  heavy  rains  followed  by 
periods  of  dry,  dusty  weather. 

All  the  many  changes  taking  place  in  the  weather  have 
an  effect  upon  animals.  We  might  say  that  when  snow 
falls  and  the  air  cools  off,  some  animals  cool  off  also.  At 
times  animals  are  heated  and  at  other  times  cooled, 
sometimes  moistened  and  sometimes  dried.  There  are 
many  ways  in  which  animals  are  affected  by  the  changes 
taking  place  around  them. 
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Energy  through  the  Year 


As  you  know,  the  changes  we  call 
seasons  are  brought  about  by  the 
changes  in  the  amounts  of  energy 
which  reach  different  parts  of  the 
earth.  In  fact,  many  of  the  weather 
changes  are  the  result  of  the  way 
that  the  sun’s  energy  reaches  our 
tilted  earth.  Probably  the  most  im- 
portant change  of  all  is  the  change 
in  temperature. 

Animals  Become  More  or  Less  Active 

Animals  are  affected  by  tempera- 
ture in  many  ways.  You  may  have 
noticed  that  on  a cool  summer  morn- 
ing flies  usually  are  not  very  active. 
If  the  morning  is  very  cold,  the  flies 


will  tend  to  stay  in  one  spot  and  not 
move  around  very  much. 

Here  is  something  you  might  try: 
You  will  need  a glass  jar  with  a 
metal  screw  top.  Make  one  rather 
large  hole  and  several  smaller  holes 
in  the  cover  of  the  jar.  Wrap  some 
cotton  around  a thermometer  and 
insert  it  in  the  large  hole  so  that  the 
cotton  holds  the  thermometer  firmly 
in  place.  Now  catch  two  or  three 
flies  without  harming  them.  Then 
put  the  flies  in  the  jar  and  screw  on 
the  top.  The  small  holes  in  the 
cover  will  allow  air  to  enter  the  jar. 

Now  you  are  ready  for  the  next 
part  of  the  experiment.  Place  the 
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jar  in  a container  of  ice,  as  you  see 
in  the  picture  at  the  right.  In  a 
short  time  the  jar  and  its  contents 
will  begin  to  cool.  Observe  what 
happens  to  the  flies  as  the  tempera- 
ture is  lowered.  Do  you  notice  that 
the  flies  become  less  active  as  the 
temperature  drops?  Now  remove 
the  bottle  from  the  ice-container. 
Observe  the  activity  of  the  flies  as 
the  temperature  rises. 

Not  all  animals  act  in  the  same 
way  as  the  temperature  drops.  Some 
animals  become  more  active,  rather 
than  less,  when  the  temperature  is 
lowered. 

Probably  you  have  been  outdoors 
in  cool  weather  when  a sudden 
breeze  sprang  up.  If  your  clothing 
was  not  heavy  enough  and  you 
stayed  in  the  breeze  very  long,  per- 
haps you  became  cold  and  started  to 
shiver.  You  may  say  that  you  be- 
came more  active.  The  movement 
of  your  body  which  we  call  shivering 


is  a way  of  producing  heat  to  keep 
your  body  warm. 

Honeybees  in  their  winter  groups 
are  able  to  keep  warm  by  being  ac- 
tive. The  bees,  in  a cluster,  con- 
tinuously vibrate  their  wings.  Much 
heat  energy  is  given  off  by  all  this 
muscle  activity,  and  the  hive  is  kept 
wairm. 

So  you  see  that  although  some 
animals  become  less  active  as  the 
temperature  is  lowered,  others  be- 
come more  active.  In  fact,  the  activ- 
ity helps  to  keep  their  bodies  warm. 


oneybees  in 
heir  winter  cluster 


Cold-  and  Warm-blooded  Animals 


Winter  is  brought  about  by  a decrease  in  the  amount 
of  the  sun’s  energy  received  by  a given  region.  This 
decrease  causes  lower  temperatures.  So  the  winter  season 
is  a cooler  time  of  year. 

Some  animals  are  affected  more  easily  than  others  by 
changes  in  air  temperature.  The  temperature  of  some 
animals  changes  as  the  temperature  of  the  air  about  them 
changes.  These  animals  are  usually  called  cold-blooded. 
When  they  are  in  a warm  place,  their  body  temperature 
is  high.  If  they  happen  to  be  in  a cold  place,  their  body 
temperature  will  be  low. 

Snakes,  flies,  turtles,  frogs,  and  many  other  animals 
are  cold-blooded.  During  winter  the  body  temperature 
of  these  animals  is  lowered.  The  temperatme  of  these 
cold-blooded  animals  really  varies  with  the  amount  of 
the  sun’s  energy  which  reaches  the  place  in  which  they 
live. 

Cold-blooded  animals 


Barn  swallow 


Warm-blooded  animal 


There  is  another  group  of  animals,  which  maintain  a 
rather  constant  temperature.  These  animals  are  called 
warm-blooded.  The  body  temperature  of  warm-blooded 
aninials  remains  at  a certain  point,  even  though  the 
places  in  which  they  live  may  be  quite  cold. 

Perhaps  you  have  a thermostat  on  the  wall  in  your 
classroom.  You  know  that  it  automatically  regulates 
the  amount  of  heat  in  the  room.  You  might  say  that 
there  is  something  which  acts  like  a thermostat  in  the 
bodies  of  warm-blooded  animals.  It  regulates  the  amount 
of  heat  in  their  bodies  and  keeps  them  at  a rather  con- 
stant temperature. 

Have  you  had  your  temperature  taken  recently?  This 
is  probably  one  of  the  first  things  your  mother  or  the 
physician  does  to  find  out  if  you  are  sick.  Perhaps 
someone  has  explained  to  the  class  the  proper  way  of 
using  a mouth  thermometer.  Once  you  know  how  to  use 
a thermometer  properly,  you  may  be  interested  in  check- 
ing to  see  what  yom*  own  body  temperature  is. 
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Your  body  temperature  is  usually 
about  98.6°  F.  If  your  mother  found 
that  the  temperature  of  your  body 
was  101°  F,  she  would  know  that  you 
were  sick.  We  usually  say  that  a 
person  with  a temperature  much 
above  98.6°  F has  a fever. 

There  is  something  within  your 
body  that  regulates  your  tempera- 
ture. When  you  become  sick  or 
something  else  happens  to  your  body, 
your  ' 'thermostat’’  may  not  be  able 
to  work  properly.  Then  your  body 
temperature  may  go  higher  or  lower 
than  98.6°  F.  This  is  a danger  sig- 
nal, and  something  should  be  done 
to  restore  your  proper  body  tem- 
perature. 

Birds,  rabbits,  squirrels,  and  deer 
are  some  of  the  warm-blooded  ani- 
mals. The  temperatures  of  their 
bodies  remain  about  the  same  during 
the  different  seasons. 

The  "thermostats”  in  the  bodies 
of  these  animals  may  not  regulate 
their  temperature  within  a narrow 
range.  The  temperature  of  a healthy, 
active  ground  squirrel  may  be  any- 
where from  88°  F to  105°  F.  This  is 
a range  of  17  degrees.  As  you  can 
see,  the  temperature  regulation  of  a 
squirrel  is  not  too  precise.  The  tem- 
perature of  woodchucks  during  spring 
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may  vary  from  94.8°  F to  104°  F. 
This  is  a variation  of  9.2  degrees. 
The  temperature  of  a common  house 
cat  may  range  only  from  101°  F to 
104°  F.  The  temperatures  of  warm- 
blooded animals  do  not  rise  or  fall 
as  the  air  about  them  becomes  warm 
or  cools.  Though  the  ranges  vary,  all 
warm-blooded  animals  maintain  a 
rather  constant  temperature  within 
those  ranges. 


Winter  Is  a Difficult  Time 


To  continue  to  live,  animals  need 
light,  air,  water,  and  food.  During 
winter  the  amounts  of  water,  food, 
and  light  may  be  decreased.  Winter 
is  a difficult  time  for  most  animals. 

Supplies  of  food  are  almost  always 
decreased  during  the  winter  season. 
All  animals  depend  in  some  way 
on  plants  for  food.  Either  they  eat 


plants  or  they  eat  other  animals, 
which  depend  on  plants  for  food. 

The  most  plentiful  time  of  plant 
production  is  spring  and  summer. 
During  winter  most  plants  are  in  a 
resting  stage.  For  example,  the  red 
squirrel  can  eat  the  flowers  and  seeds 
of  box  elder  and  striped  maple  during 
the  spring.  Then  during  the  sum- 
mer berries,  mushrooms,  and  the 
roots  of  herbs  will  provide  plenty  of 
food.  During  the  winter,  however, 
the  squirrel  may  have  to  depend 
upon  his  harvest  of  hemlock  and  pine 
cones  or  acorns  from  oak  trees.  As 
the  seasons  change  from  summer  to 
fall  to  winter,  it  may  become  very 
difficult  for  an  active  animal  to  find 
enough  food  to  keep  alive. 


Here  is  something  you  might  do: 
Observe  a nest  of  young  birds  during 
spring  or  summer.  Notice  how  often 
the  parent  bird  retrains  to  the  nest 
with  food. 

You  will  be  amazed  at  the  number 
of  trips  the  adult  bird  makes  to  feed 
the  young.  The  parent  comes  and 
goes  so  fast  that  it  almost  seems 
as  though  there  were  not  enough 
time  to  hunt  for  food.  We  are  told 
that  one  house  wren  made  about 
twelve  hundred  trips  to  its  nest  in 
a little  more  than  fifteen  hours. 

A feeding  experiment  was  done 
with  a young  robin  in  the  spring  to 
find  how  much  food  it  would  eat. 
It  was  found  that  this  robin  ate  14 
feet  of  earthworms  in  one  day.  That 


Foxes  hunt  field  mice  at  every  op- 
portunity. As  winter  comes  on  and 
snow  falls,  it  becomes  increasingly 
difficult  for  a fox  to  catch  enough 
mice  to  satisfy  his  hunger.  The  fox 
may  then  turn  to  hunting  pheasants. 
If  it  is  a hard  winter,  the  fox  may 
even  have  to  search  through  the 
snow  in  orchards  for  apples  and 
other  scraps  of  food  which  may  lie 


Wrens 


must  have  been  a great  number  of 
worms!  During  winter  the  parent 
bird  would  probably  not  be  able  to 
find  worms  fast  enough  to  satisfy 
the  young  birds’  hunger. 

Food  is  not  the  only  problem  dur- 
ing the  winter.  The  lessened  amount 
of  heat  energy  also  adds  to  the  dif- 
ficulties of  animals.  Most  animals 
live  best  at  certain  temperatures. 
If  the  air  becomes  too  cold  or  even 
too  hot,  animals  may  die. 

Many  cold-blooded  animals  are 
killed  when  their  body  temperature 
is  lowered  to  32°  F,  the  freezing 
point  of  water.  Many  places  have 


temperatures  during  winter  which 
fall  far  below  this  point. 

So  you  see,  during  winter  animals 
may  come  up  against  at  least  two 
serious  difficulties.  Food  may  be- 
come less  plentiful,  and  there  may 
be  a drop  in  temperature.  In  order 
to  continue  to  live,  animals  must  be 
able  to  overcome  these  difficulties. 


Living  through  Difficult  Periods 


As  we  know,  animals  do  live 
through  the  difficult  times  of  winter. 
There  are  many  ways  in  which  this 
is  possible. 

One  of  the  most  obvious  things  an 
animal  can  do  is  to  leave  the  region 
where  life  is  becoming  difficult  for 


it.  Many  animals  do  this.  They 
journey  to  a region  where  the  con- 
ditions of  heat  and  food  are  right  for 
them  to  continue  to  live.  When  the 
seasons  change  again,  they  return 
to  the  region  from  which  they  have 
come. 


If  animals  stay  in  a region  where 
they  are  going  to  meet  difficulties, 
then  some  changes  may  be  made. 
These  may  be  changes  in  the  ani- 
mals’ bodies  and  changes  in  their 
activities  too.  Some  animals  de- 
velop thicker  coverings  of  fat,  fur, 
or  feathers.  These  coverings  help 
to  protect  the  animals  and  make  it 
possible  for  them  to  live  through  the 
difficult  period. 

Also,  if  animals  are  going  to  re- 
main in  a region,  they  may  go  to 
a place  where  they  are  protected. 
They  may  go  underground,  into  a 
tree  trunk,  under  bark,  or  any  other 
place  which  will  give  them  protec- 
tion. They  will  usually  stay  in  the 
protected  place  until  conditions  are 
more  favorable  for  them.  All  these 
things  may  make  it  possible  for  them 
to  live  through  a period  of  difficulty. 


Many  Animals  Migrate 

When  animals  depart  from  and 
return  to  a region  during  certain 
seasons  of  the  year,  it  is  said  that 
they  migrate.  There  are  a great 
many  different  kinds  of  animals  that 
migrate.  Some  of  these  are  herring, 
salmon,  eels,  certain  whales,  fur 
seals,  mule  deer,  monarch  butter- 
flies, and  a large  variety  of  birds. 

It  is  interesting  that  the  monarch 
butterfly  is  one  of  the  very  few 
insects  which  truly  migrate.  Most 
insects  do  not  migrate  any  great 
distance.  But  monarch  butterflies 
may  fly  as  far  as  from  Canada  to  the 
southern  United  States  and  back 
again.  Large  swarms  of  these  but- 
terflies may  gather  in  the  northern 
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United  States  and  in  Canada  in  the 
early  fall.  As  the  butterflies  fly 
south,  they  can  sometimes  be  seen 
in  late  autumn  in  great  swarms  along 
the  New  Jersey  coast.  Small  trees 
have  been  seen  there  in  October 
completely  covered  with  clinging 
masses  of  these  butterflies.  The 
butterflies  spend  the  winter  in  the 
Gulf  states  and  in  the  spring  they 
migrate  north  again. 

Many  birds  travel  great  distances 
each  year.  One  of  the  best  known 
of  these  is  the  American  golden 
plover.  The  northern  home  of  the 
golden  plover  is  along  the  arctic 
coast  of  North  America.  Plovers 
arrive  about  the  first  week  in  June 


Some  migrating  animals 


and  build  their  nests  in  the  moss 
on  the  ground.  Young  plovers  are 
hatched  and  after  several  weeks  the 
young  birds  are  strong  enough  to  fly. 
Then  the  long,  southern  migration 
begins. 

The  birds  move  slowly  along  the 
coast  of  Labrador.  They  feast  on 
berries  and  grow  fat.  In  this  way 
they  store  energy  for  the  long  flight 
ahead  of  them.  From  Labrador 
they  cross  to  Nova  Scotia.  Then 
they  start  out  across  the  ocean  for 
northern  South  America,  2400  miles 


Monarch 

butterfly 


Atlantic  salmon 


away.  If  you  follow  their  route  on  a 
map,  you  will  observe  that  golden 
plovers  fly  over  Bermuda  and  other 
islands  in  the  Atlantic. 

Finally,  in  September  the  plovers 
reach  their  home  in  Argentina.  They 
have  traveled  almost  8000  miles 
from  their  home  in  the  north!  Then 
about  the  beginning  of  March  the 


plovers  start  northward  again.  Fol- 
low the  arrows  from  the  southern 
home  of  the  golden  plover  to  the 
northern  home.  Is  it  the  same  route 
that  they  took  in  flying  to  South 
America?  No  one  knows  just  why 
the  plovers  fly  northward  by  a differ- 
ent route.  By  early  June  the  plovers 
reach  their  northern  home  again. 
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Another  great  bird  traveler  is  the 
bobolink.  Bobolinks  spend  the  sum- 
mer in  Canada  and  the  northern 
part  of  the  United  States.  Here  they 
make  their  nests  and  raise  their 
young. 

In  the  autumn  bobolinks  leave 
fields  and  meadows  to  begin  their 
long  journey  southward.  As  they 
fly  south,  they  stop  in  North  and 
South  Carolina.  There  they  feed  on 
the  ripening  grains  of  rice.  Often 
they  cause  much  damage  to  the  rice 
crop.  Bobolinks  travel  more  than 
4000  miles  to  reach  their  southern 
home  in  southern  Brazil.  They  travel 
most  of  the  way  by  night,  stopping 
to  rest  and  feed  during  the  day. 

Why  Do  Animals  Migrate? 

One  cause  of  migration  is  probably 
lack  of  food.  Some  of  the  whale- 
bone whales  migrate  for  this  reason. 
As  the  seasons  change,  there  are  also 


changes  in  the  temperature  of  the 
sea.  During  summer  food  is  plentiful 
in  the  northern  seas.  At  this  time 
these  whales  may  be  found  in  the 
Atlantic  Ocean  around  Newfound- 
land. 

As  winter  comes  on,  the  seas  be- 
gin to  cool.  Then  the  food  supply 
of  the  whales  becomes  more  plentiful 
southward.  As  this  happens,  they 
begin  a southward  migration.  Dur- 
ing winter  they  can  be  found  off  the 
Carolina  coast  of  the  United  States. 


The  energy  from  the  sun  seems 
to  have  an  effect  on  nearly  all  animal 
activity.  In  the  case  of  the  whale- 
bone whales  it  can  be  seen  that  the 
energy  from  the  sun  is  really  in- 
fluencing the  migration.  It  is  the 
heating  and  cooling  of  the  sea  by 
the  sun’s  energy  that  determine 
where  food  will  be  most  plentiful. 
The  whales  migrate  northward  and 
southward  to  have  a continuous 
supply  of  food. 

Some  scientists  think  that  bird 
migration  may  be  affected  by  the 
length  of  day.  Much  of  their  evi- 
dence points  to  the  fact  that  certain 
birds  begin  migrating  at  a particular 
time  of  year.  It  doesn’t  seem  to 


matter  what  the  weather  is  like  at 
that  time  or  how  plentiful  the  food 
is.  The  only  condition  that  seems 
to  be  the  same  from  year  to  year 
is  the  number  of  daylight  hours 
when  migration  begins. 

Changes  in  the  length  of  day  may 
bring  about  changes  in  the  bodies  of 
birds.  Longer  days  may  bring  about 
changes  which  cause  them  to  nest 
and  breed.  We  know  that  it  is  during 
the  longer  days  of  June  that  some 
birds  move  north.  Most  migrating 
birds  nest  and  bear  young  in  their 
northern  home. 

Another  theory  helps  to  explain 
why  the  birds  go  north  to  nest. 
Look  at  the  continents  in  the  North- 
ern Hemisphere.  Do  you  notice  that 
their  area  expands  toward  the  north? 
The  continents  in  the  Southern  Hem- 
isphere taper  off  toward  the  south. 
More  nesting  area  is  available  toward 
the  north  during  the  long  days  of 
summer.  The  large  feeding  and 
breeding  areas  of  the  north  may 
have  led  to  the  annual  migrations 
of  birds. 

There  are  many  other  theories 
about  why  animals  migrate.  No  one 
theory  seems  to  explain  all  the 
things  that  are  known  about  animal 
migration. 
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Migrating  Uphill  and  Downhill 

Did  you  know  that  some  animals 
migrate  by  traveling  up  or  down  a 
hill  or  mountain? 

On  this  page  is  a picture  of  the 
western  ruby-crowned  kinglet.  This 
bird  usually  spends  the  winter  in 
the  valleys  of  California.  In  the 
spring  it  leaves  the  valleys  and 
travels  up  the  mountains.  In  the 
mountains  the  summer  is  much  like 
summer  in  Canada.  But  the  western 
ruby-crowned  kinglet  travels  only  a 


short  distance  from  the  valley  to 
the  nearest  mountain.  Six  or  seven 
thousand  feet  up,  summer  is  much 
like  summer  at  sea  level  a thousand 
miles  farther  north. 

As  the  cool  days  of  autumn  ap- 
proach in  the  high  mountains,  these 
birds  migrate  down  toward  the  val- 
leys. Here  they  spend  the  winter. 
Instead  of  migrating  hundreds  of 
miles  south,  these  birds  migrate  a 
short  distance  down  the  mountains. 

Some  elk  and  mountain  sheep  are 
other  animals  which  may  migrate 
from  valleys  to  mountains  and  back. 


Many  Animals  Hibernate 

Another  way  in  which  some  ani- 
mals are  able  to  live  through  difficult 
winter  conditions  is  to  hibernate. 
Hibernation  has  been  called  by  some 
people  "winter  sleep.”  But  it  is  not 
a true  sleep.  During  hibernation 
animals  remain  in  a protected  place 
and  become  very  inactive. 

Many  animals  that  hibernate  are 
warm-blooded  most  of  the  year  and 
have  constant  body  temperature. 
But  during  hibernation  the  body 
temperature  of  an  animal  may  be 
lowered.  You  might  say  that  its 
"thermostat”  is  turned  down  when 
it  begins  its  "winter  sleep.”  Tliis 
helps  the  animal  to  conserve  its 


energy  and  fuel,  so  that  it  can  live 
through  a long  winter. 

An  animal  would  freeze  to  death 
if  its  body  temperature  fell  below 
freezing.  Usually  an  animal  will 
awaken  if  the  air  temperature  in  its 
winter  home  gets  as  low  as  freezing. 
But  sometimes  the  animal  continues 
to  "sleep”  as  the  temperature  around 
it  drops  below  freezing.  Death  comes 
to  the  animal  as  it  slowly  freezes. 
This  is  not  uncommon,  and  many 
animals  do  not  survive  hibernation. 

Perhaps  you  live  in  a region  where 
the  ground  freezes  in  winter.  If  so, 
you  might  examine  the  soil  in  the 
side  of  an  excavation  that  has  been 
made  during  freezing  weather.  You 
will  probably  notice  that  only  the 
soil  near  the  top  of  the  excavation 
is  frozen.  In  some  sections  of  the 
country  the  soil  may  become  frozen 


to  a depth  of  only  18  inches.  But 
at  other  places  the  soil  may  be  fro- 
zen to  a depth  of  3 feet  or  more. 
You  probably  can  find  out  how  far 
down  the  soil  freezes  where  you 
live. 

Many  animals  that  hibernate 
spend  the  winter  in  caves  or  bur- 
rows in  the  ground.  These  holes  or 
burrows  are  usually  deep  enough  in 
the  soil  so  that  there  is  no  danger  of 
freezing.  We  usually  say  that  the 
burrows  are  below  the  frost  line. 
Woodchucks  and  toads  are  two  fa- 
miliar animals  that  hibernate  below 
the  frost  line. 

Woodchucks  usually  hibernate  be- 
fore the  first  severe  frost.  Food 
may  still  be  plentiful  then;  so  it 
probably  is  not  lack  of  food  which 
causes  the  woodchuck  to  begin  its 
long  "'winter  sleep.” 

Before  autumn  the  woodchuck’s 
body  develops  a thick  layer  of  fat. 
By  late  September  or  early  October 
woodchucks  have  disappeared  from 
fields  and  meadows.  Most  of  them 
have  retired  to  burrows  in  the 
ground  well  below  the  frost  line. 
These  burrows  are  often  lined  with 
grass  and  leaves.  Woodchucks  usu- 
ally remain  in  their  winter  homes 
about  twenty  to  twenty-four  weeks. 


If  we  were  to  look  in  upon  a 
hibernating  woodchuck,  we  should 
find  it  rolled  into  a ball.  The  feet 
would  be  close  together  and  rigid. 
The  animal  would  appear  to  be 
frozen  into  a tight  ball,  with  eyes 
and  lips  tightly  closed. 

A woodchuck  is  normally  a warm- 
blooded animal.  But  the  body  tem- 
perature of  a woodchuck  during  hi- 
bernation is  usually  about  the  same 
temperature  as  that  of  the  place  in 
which  it  has  made  its  burrow.  Since 
its  burrow  is  usually  well  below  the 
frost  line,  its  temperature  is  probably 
slightly  above  the  freezing  point  of 
water. 
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Animals  in  Protected  Places 

Animals  that  hibernate  must  do 
so  in  places  that  will  shield  them 
from  direct  exposure  to  the  cold  of 
winter.  Not  all  animals  hibernate 
below  the  frost  line  during  the  win- 
ter months.  Some  animals  hibernate 
in  other  places.  It  may  be  a hole 
in  a tree,  a hollow  log,  or  a cave.  It 
may  be  a burrow  in  the  side  of  a 
grassy  slope. 

The  queen  bumblebee  is  an  animal 
that  hibernates  in  a protected  place. 
She  finds  a dry  place  and  digs  her- 
self a small  nest.  Often  it  is  in  the 
old  burrow  of  a field  mouse.  Here 
she  stays  during  the  cold  days  of 
winter.  In  this  way  the  queen  is 
protected  from  direct  exposure  to 


the  cold.  The  worker  bumblebees 
and  drones  usually  die  when  cold 
weather  comes. 

In  the  spring  the  queen  comes  out 
of  hibernation  and  gathers  pollen 
and  nectar  from  the  flowers.  She 
makes  beebread  from  the  pollen  and 
nectar  and  then  lays  her  eggs.  The 
first  young  that  hatch  from  the  eggs 
are  workers.  They  do  the  work  of 
gathering  food.  Before  many  weeks 
there  is  a full-grown  colony  of  bees. 

In  the  autumn,  when  the  days 
grow  cooler,  some  kinds  of  snakes 
crawl  into  holes  or  under  logs.  Others 
burrow  into  the  soil  below  the  frost 
line.  There  they  hibernate  until  the 
following  spring.  Some  snakes  hi- 
bernate alone.  Often  many  of  them 
gather  together  in  one  place  to  spend 
the  winter.  Sometimes  there  are 
several  dozen  snakes  in  one  place. 

Some  animals  may  awaken,  search 
for  food,  and  return  to  hibernation 
several  times  before  spring  arrives. 
On  a sunny  day  in  winter  you  may 
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be  siirprised  to  see  a squirrel  scamper  across  your  path. 
If  you  watch  it,  you  may  see  the  squirrel  paw  away  the 
snow  and  dig  into  the  ground.  The  squirrel  is  digging 
up  some  nuts  that  it  buried  last  autumn.  After  the 
squirrel  has  eaten,  it  returns  to  its  home  in  a tree.  Here 
it  stays  during  the  very  cold  days  of  winter,  hibernating. 

During  any  of  the  winter  months  when  it  is  warm 
enough  for  the  snow  to  melt,  opossums  may  be  found  in 
the  woods.  These  animals  are  searching  for  food.  Then 
when  the  weather  becomes  cold  again,  they  return  to 
their  winter  homes  in  hollow  trees.  Here  they  remain 
until  warmer  weather  may  awaken  them,  and  they 
again  leave  their  homes  in  search  of  food. 

Animals  during  Dry  Seasons 


In  some  parts  of  the  earth  the  dry,  hot  season  is  the 
most  difficult  time  for  animals  to  stay  alive.  Some 
animals  that  are  usually  active  during  the  daytime 
change  their  habits.  During  the  dry,  hot  season  they 
hunt  food  at  night.  They  spend  the  hot  days  resting  in 
shaded  places  or  in  deep  burrows  in  the  ground. 


Waterstriders 


Caddis-fly  larva 


Some  snakes  and  lizards  that  live 
in  deserts  spend  the  day  under 
rocks  and  bushes.  At  night,  when  it 
is  cooler,  they  , come  out  and  hunt 
for  food.  The  desert  sunlight  has 
too  much  heat  .energy  for  them. 
They  are  cold-blooded  animals,  and 
their  body  temperatures  would  be 
raised  by  the  desert  sun.  If  they 
remained  in  the  sunlight,  they  might 
be  heated  too  Inuch  and  die.  You 
might  even  say  that  they  would  be 
cooked  by  the  sun. 

Other  animals  remain  inactive  in 
protected  places  during  dry,  hot 
weather.  Some  snails  are  able  to 
live  through  long  periods  of  drought. 
They  crawl  into  a protected  place 
and  make  a substance  which  seals 


the  opening  to  their  shells.  They 
remain  inactive  until  the  next  rain. 
Then  during  the  moist  weather  they 
live  an  active  life  again. 

Sometimes  ponds  dry  up  during 
an  unusually  hot  summer.  Many  of 
the  animals  living  in  these  ponds 
bury  themselves  in  the  mud  in  order 
to  stay  alive.  If  you  can  find  such  a 
pond  near  where  you  live,  get  a 
shovelful  of  soil  from  the  pond. 
Put  the  soil  in  a bucket  or  pan. 
Then  add  water  to  the  soil.  Do  you 
see  any  living  things  swimming 
around?  Look  at  the  pictures  at 
the  top  of  this  page.  You  might  see 
some  of  these  animals. 

There  is  some  kind  of  seasonal 
change  during  the  year  in  almost  all 
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parts  of  the  world.  Some  of  these 
changes  bring  a variety  of  conditions 
which  make  life  difficult  and  dan- 
gerous for  living  things. 

Each  kind  of  animal  has  its  own 
particular  way  in  which  it  continues 
to  live  through  periods  of  change 
and  difficulty.  We  know  that  mi- 

LEARNING  MORE 

1.  During  autumn  watch  the  ani- 
mals in  your  neighborhood.  What 
changes  do  you  notice?  Are  some 
animals  disappearing?  You  might 
keep  a record  of  your  observations. 

2.  Keep  a record  of  the  birds  you 
see  during  each  month  of  the  year. 
You  will  discover  that  some  birds 
come  early  in  the  spring  and  spend 
the  entire  summer  in  your  com- 
munity. These  birds  are  called  sum- 
mer residents.  During  autumn  these 
birds  will  probably  leave  your  com- 
munity and  fly  south. 


gration,  liibernation,  and  changes 
in  the  bodies  of  animals  provide 
ways  in  which  animals  rest  and  live 
through  difficult  times.  But  there  is 
still  much  to  learn.  In  the  next  few 
years  we  shall  probably  learn  of 
many  new  discoveries  about  how 
and  why  these  changes  take  place. 

ABOUT  ANIMALS 

Some  birds  spend  only  the  winter 
in  your  community.  We  call  these 
birds  winter  residents.  They  spend 
the  summer  farther  north  and  mi- 
grate south  to  your  community  for 
the  winter. 

3.  You  might  build  a feeding  shelf 
for  birds  in  winter.  It  will  be  inter- 
esting to  watch  the  birds  that  are 
winter  residents  in  your  community. 
Besides  providing  food  for  the  birds, 
the  feeding  shelf  will  give  you  a 
chance  to  study  them  as  they  come 
to  eat.  What  foods  do  they  prefer? 


What  Is  the  Milky  Way? 


Perhaps  you  have  been  out  in  the  open  country  on  a 
clear,  moonless  night.  If  you  have,  you  may  have  seen 
a wide  band  of  pale-white  light  that  stretches  across  the 
sky  among  the  stars. 

Because  of  its  whitish  color  and  appearance  this  band 
of  light  has  been  called  the  Galaxy.  Galaxy  comes  from 
a Greek  word  which  means  ^ 'milky.’'  Many  ancient 
people  thought  of  it  as  a kind  of  highway,  and  so  it 
came  to  be  known  as  a way.  It  was  called  the  Milky 
Way. 

The  Milky  Way  may  seem  to  begin  on  the  horizon 
and  stretch  up  over  yom  head,  across  the  sky,  and  down 
to  the  horizon  behind  you.  As  you  look  at  it,  you  may 
ask,  "What  can  it  really  be?”  You  know  that  there  are 
stars,  planets,  and  comets  in  the  sky,  but  what  is  the 
Mhky  Way? 
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You  could  get  a better  look  at  the 
Milky  Way  if  you  had  a telescope  to 
use.  With  a telescope  you  would  be 
able  to  see  that  there  are  more  stars 
in  the  Milky  Way  than  anyone 
could  possibly  count.  This  band  of 
light  is  really  coming  from  millions 
and  millions  of  glittering,  sparkling 
stars. 

You  do  not  need  a strong  tele- 
scope to  see  that  the  Milky  Way  is 
made  up  of  stars.  Almost  any  pair 
of  good  field  glasses,  or  binoculars,  is 
strong  enough. 

If  you  are  planning  to  look  at  the 
Milky  Way,  be  sure  to  pick  a clear 
night  when  the  moon  is  not  visible. 
You  will  be  able  to  see  more  clearly 


if  you  are  far  from  city  lights.  As 
you  look  through  the  glasses,  you 
will  see  that  this  cloudy  veil  of  light 
is  made  of  a vast  haze  of  stars. 
They  seem  to  be  very  small  and 
crowded  together. 

Without  a telescope  or  glasses  we 
cannot  see  many  of  the  stars  them- 
selves in  the  Milky  Way.  This  is 
because  they  are  so  very  far  away. 
We  can  see  only  the  glow  of  light 
from  all  of  them,  arching  across  the 
sky.  If  we  could  follow  this  band  of 
light,  we  would  find  that  it  appears 
to  form  a complete  ring  around  the 
earth.  The  earth  seems  to  be  sur- 
rounded by  this  far-off  band  of 
billions  of  stars. 
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Stars  Are 

As  you  look  at  the  Milky  Way,  the 
stars  appear  to  be  very  small  and 
close  together.  Actually,  even  in 
what  looks  like  a thick  cloud  of  stars, 
each  star  is  far  away  from  its  nearest 
neighbor.  They  seem  to  be  packed 
closely  together  because  they  are  all 
so  very  far  away  from  you. 

You  might  try  an  experiment. 
It  will  help  you  to  understand  why 
the  stars  seem  to  be  close  together, 
though  they  are  separated  by  great 
distances.  You  will  need  about 
thirty  marbles.  Take  them  outdoors 
and  place  them  on  the  ground  in  a 
cluster.  Arrange  them  so  that  no 


Far  Apart 

marble  is  less  than  an  inch  from  its 
nearest  neighbor.  You  can  see  how 
this  has  been  done  in  the  picture. 

Now  stand  so  that  you  are  looking 
toward  the  marbles.  Slowly  back 
away.  As  you  back  away,  you  will 
notice  that  the  marbles  seem  to  be 
moving  closer  together.  Move  about 
50  feet  from  the  marbles.  Are  you 
surprised  to  see  how  close  together 
the  marbles  seem  to  be? 


At  about  100  feet  you  will  prob- 
ably not  be  able  to  distinguish  the 
separate  marbles  in  the  cluster.  But 
you  will  be  able  to  see  that  they 
are  of  many  different  colors.  Now  if 
you  use  a pair  of  field  glasses  to  look 
at  the  cluster,  you  will  be  able  to 
see  the  individual  marbles.  Do  you 
see  that  if  you  are  far  from  a group 
of  objects,  the  objects  appear  to 
be  crowded  together? 

This  is  similar  to  what  happens 
when  you  look  at  the  Milky  Way. 
You  are  so  far  away  that  the  Milky 
Way  appears  to  be  only  a band  of 


light.  When  you  use  a telescope, 
you  can  see  many  individual  stars 
which  make  up  the  group. 

Distances  in  the  Sky 

Do  you  remember  which  star  is 
closest  to  our  earth?  It  is  our  own 
star,  the  sun.  Three  planets  are 
sometimes  nearer  the  earth  than  the 
sun  is,  but  planets  are  not  stars. 
Planets  shine  because  they  reflect 
the  light  from  our  sun.  Stars  are  so 
hot  that  they  glow  with  their  own 
light.  They  are  much  like  our  sun. 
Some  of  them  are  bigger  than  our 


sun,  and  some  are  smaller.  We 
could  say  that  all  true  stars  are  suns, 
or  that  suns  are  stars. 

We  can  feel  the  warmth  of  the 
sun  as  it  shines  so  brightly  in  our 
sky.  Because  of  this  we  might  think 
it  is  near  the  earth,  but  actually  the 
sun  is  very  far  away.  It  is  farther 
away  than  any  place  on  earth.  The 
sun  is  about  93  mUlion  (93,000,000) 
miles  away  from  the  earth.  That 
is  a rather  long  distance,  isn’t  it? 

You  might  try  to  think  of  it  in 
this  way;  Suppose  you  traveled 
toward  the  sun  at  a speed  of  about 
700  miles  an  hour.  Even  if  you 
traveled  at  this  speed  all  day  and 
all  night,  month  after  month,  it 
would  take  you  about  15  years  to 
get  to  the  sun.  That  is  probably 
longer  than  the  time  that  you  have 
been  alive. 


Our  sun  is  much  closer  to  the 
earth  than  any  of  the  other  stars  are. 
The  next  nearest  star  is  more  than 
24  trillion  (24,000,000,000,000^  miles 
away  from  us.  This  star  is  called 
Proxima  Centauri.  If  we  traveled 
at  700  miles  an  hour,  a trip  to  Prox- 
ima Centauri  would  take  about  4 
miQion  years. 

A Light-year 

If  the  distances  to  the  stars  were 
measured  in  miles,  the  numbers 
would  be  very,  very  large.  The 
numbers  would  also  mean  very  little 
to  us.  After  all,  it  is  difficult  for  us 
to  imagine  24  trillion  of  anything. 

Astronomers  use  another  way  of 
measuring  distances  to  the  stars. 
Instead  of  saying  that  a star  is  so 
many  miles  away,  they  say  that  a 
star  is  so  many  light-years  away. 
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Proxima  Centauri  Earth 

■< 4 Light-years  


A light-year  is  the  distance  that 
light  energy  travels  in  one  year. 
Scientists  have  discovered  that  light 
travels  about  186,000  miles  a second. 
But  that  is  only  the  distance  traveled 
in  one  second.  To  find  how  far  light 
travels  in  one  year,  you  must  first 
find  how  far  light  travels  in  one 
minute,  in  one  hour,  in  one  day, 
and  then  in  one  year.  If  you  solve 
this  problem,  you  will  find  that  light 
travels  about  6 trillion  miles  in  a 
year. 

Astronomers  found  that  this  figure 
was  too  large  to  work  with  easily. 
So  instead  of  saying  6 trillion  miles, 
they  use  the  term  1 light-year. 

An  astronomer  might  say  that  the 
distance  to  an  object  in  the  sky  is  1 
light-year.  He  means  that  to  reach 
that  object,  one  would  have  to  travel 
about  6 trillion  miles. 


Using  Light-years 
The  nearest  nighttime  star  that 
people  living  north  of  the  equator 
can  see  with  the  naked  eye  is  Sirius. 
It  is  a very  bright  star  in  the  sky 
during  the  winter  and  early  spring. 
Sirius  is  about  50  trillion  miles  from 
the  earth.  It  is  about  twice  as  far 
away  as  Proxima  Centauri. 

Instead  of  saying  that  Sirius  is  50 
trillion  miles  from  the  earth,  astron- 
omers say  it  is  about  light-years 
away.  If  we  should  see  Sirius  in  the 
sky  tonight,  we  would  know  that 
the  light  by  which  we  see  it  left  the 
star  about  8J  years  ago. 

We  might  think  of  this  distance 
in  another  way  too.  Let’s  suppose 
that  Sirius  should  stop  shining  to- 
night. We  would  keep  on  seeing 
light  from  it  for  about  8|  years 
more.  This  is  because  the  light 
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which  leaves  Sirius  tonight  would 
take  about  years  to  reach  us. 

Look  at  the  Big  Dipper  tonight. 
Some  of  the  stars  in  the  Big  Dipper 
are  about  100  light-years  away. 
When  you  see  them  in  the  sky  at 
night,  the  light  you  see  left  those 
stars  about  100  years  ago.  That  is 
longer  than  the  lifetime  of  most 
people. 

Stars  around  Us 

Notice  the  picture  of  the  constel- 
lation Orion  on  this  page.  You 
might  look  for  Orion  in  the  sky  in 


the  winter  or  early  spring.  You 
probably  know  that  a i constellation 
consists  of  stars  which  seem  to  form 
a pictmee  in  the  sky.  Although  the 
stars  in  each  constellation  appear  to 
be  a part  of  a single  group,  they  are 
really  not  related  to  each  other  in 
any  way.  Some  of  the  stars  may 
even  be  millions  of  miles  farther 
away  from  the  earth  than  other 
stars  in  the  same  constellation. 
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Here  is  something  you  can  do  to 
help  you  to  see  how  this  is  possible: 
With  a ball  of  string  lay  out  a 
straight  line  about  12  feet  long  on 
the  ground.  Arrange  a dozen  stones 
on  the  line  about  1 foot  apart.  The 
stones  should  be  about  the  size  of  a 
tennis  ball.  Then  move  six  of  the 
stones  straight  back  from  the  line, 
as  you  see  in  the  picture.  You  will 
notice  that  they  have  been  moved 
different  distances.  You  might  move 
two  of  them  about  6 inches,  two 


about  1 foot,  and  two  about  2 feet 
back.  Now  you  will  have  one  row 
of  six  stones  in  front,  and  you  wiQ 
have  six  other  stones  at  different 
distances  behind  the  first  row. 

Walk  about  50  feet  away  from  the 
stones  and  look  at  them.  Move  100 
feet  away  and  look  at  them  again. 
As  you  move  farther  away,  it  be- 
comes more  difficult  to  see  that 
some  of  the  stones  are  at  different 
distances  from  you.  If  you  move  far 
enough  away,  the  stones  will  actu- 
ally appear  to  be  in  a straight  line 
again. 

This  may  help  you  to  understand 
why  the  stars  in  each  constellation 
seem  to  be  part  of  a single  group^  In 


the  constellation  Orion  are  two  very 
bright  stars.  They  are  called  Betel- 
geuse  and  Rigel.  Because  these  stars 
seem  to  be  near  each  other  in  the 
sky,  we  might  think  that  they  are 
about  the  same  distance  from  the 
earth.  Betelgeuse  is  about  300  light- 
years  away.  That  is,  it  takes  the 
light  energy  from  Betelgeuse  about 
300  years  to  reach  the  earth.  But 
Rigel  is  so  far  away  that  its  light 
takes  about  240  years  longer  than 
that  to  reach  us.  This  means  that 
Rigel  is  about  1440  trilhon  miles 
farther  away  from  the  earth  than 
Betelgeuse  is. 

We  say  that  these  two  stars  are 
in  the  same  constellation  because 
they  happen  to  be  in  the  same 
direction  from  the  earth.  You  have 


seen  that  distant  objects  may  appear 
to  be  close  together  even  when  some 
of  them  are  farther  away  than  others. 
The  stars  which  we  see  as  a constel- 
lation are  actually  at  quite  different 
distances  from  us.  So  you  see,  the 
grouping  called  a constellation  is  an 
invention  of  man's  imagination.  It 
is  a useful  invention  too  because  it 
helps  us  to  pick  out  various  stars 
easily. 

When  we  think  of  such  great  dis- 
tances, we  can  begin  to  reahze  how 
huge  space  is,  and  how  small  our 
earth.  Yet  to  us  the  earth  seems 
large. 

The  sun,  our  daytime  star,  is  very 
much  larger  than  the  earth.  It  is 
important  to  us  because  it  gives  us 
light  and  heat  energy,  but  our  sun 
takes  up  only  a small  part  of  space. 
There  are  billions  of  other  suns  far 
beyond  our  solar  system. 
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The  Milky  Way  System  of  Stars 


An  astounding  discovery  was  made 
by  astronomers.  They  found  that 
the  stars  in  the  sky  do  have  a cer- 
tain relationship  to  each  other. 
Scientists  tell  us  that  all  the  stars 
that  we  can  see  with  the  naked  eye 
are  part  of  a single  system  of  stars. 
This  means  that  the  Milky  Way  is 
not  just  a separate  band  of  stars 
surrounding  the  earth.  It  is  related 
to  the  rest  of  the  stars  in  the  sky, 
and  it  is  related  to  our  sun.  To- 
gether our  earth  and  the  sun  and  the 
Milky  Way  and  all  the  other  stars 


we  see  make  up  one  vast  system. 
This  system  of  stars  is  called  the 
Milky  Way  system  or  the  Galaxy  or 
often  simply  the  Milky  Way. 

Even  more  astounding  was  the 
discovery  that  there  are  other  huge 
collections  of  stars  out  in  space. 
These  vast  systems  are  also  called 
galaxies.  They  are  so  far  away  that 
most  of  them  cannot  be  seen  without 
the  aid  of  a telescope.  The  few  that 
can  be  seen  with  the  naked  eye  do 
not  look  Tike  stars  at  all,  but  like 
small  blurs  of  light. 
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The  Shape  of  Our  Galaxy 

About  1785  William  Herschel,  one 
of  the  greatest  astronomers,  made  a 
map  of  the  stars.  He  counted  the 
number  of  stars  in  different  parts  of 
the  sky.  Herschel  believed  that  in 
this  way  he  could  find  out  how  the 
stars  in  our  system  are  arranged. 

Of  course  it  was  impossible  to 
count  all  the  stars.  So  he  counted 
the  stars  in  portions  of  the  sky.  As 
he  looked  through  his  telescope,  he 
found  that  there  was  a great  dif- 
ference in  the  number  of  stars  in 
different  parts  of  the  sky.  Looking 
toward  the  Milky  Way,  he  counted 
many,  many  stars.  When  he  looked 
in  other  directions,  he  counted  a 
much  smaller  number. 

Herschel  began  to  realize  that 
there  was  an  end  to  our  system  of 
stars,  even  though  he  could  not  see 
it.  He  also  realized  why  the  stars 
seem  more  numerous  in  some  direc- 


tions than  others.  He  said  that  this 
is  due  to  the  shape  of  our  system  of 
stars  and  the  earth’s  position  within 
that  system.  The  stars  in  our 
Galaxy  seem  to  form  a large  wheel 
which  is  slightly  thicker  at  the  cen- 
ter, or  hub. 

In  the  picture  below  you  can  see 
Herschel’s  map  of  our  Galaxy.  He 
based  his  map  on  his  star  counts. 
Herschel  said  that  the  earth  and 
our  sun  are  part  of  this  tremendous 
system  of  stars. 

Our  Sun  and  the  Galaxy 

To  us  on  earth  it  seems  that  our 
sun  is  not  a part  of  the  vast  group 
of  stars  we  see  in  the  sky  at  night. 
It  seems  this  way  because  the  other 
stars  are  so  far  away.  The  light 
from  our  sun  is  so  bright  that  we 
are  not  able  to  see  the  other  stars  in 
the  daytime.  If  we  could  travel  far 
out  in  space  away  from  the  sun,  we 


Herschels  map  of  the 


should  see  that  our  sun  is  really  a 
part  of  the  Milky  Way  system.  As 
we  looked  back  from  outer  space,  we 
should  see  that  the  sun  is  surrounded 
by  the  other  stars  in  our  Galaxy. 

Working  with  better  telescopes 
and  other  tools,  modern  astronomers 
have  located  our  earth  and  sun  in 
this  system  more  accurately  than 
Herschel  was  able  to  do.  They  find 
that  the  sun  and  its  family  of  planets 
are  about  halfway  between  the  center 
of  the  Milky  Way  system  and  its 
rim.  These  astronomers  have  esti- 
mated that  the  diameter  of  our 
Galaxy  is  about  100,000  light-years. 
They  say  that  at  its  center  it  has  a 
thickness  of  about  10,000  light-years. 

When  we  think  of  the  earth’s  posi- 
tion in  this  great  wheel  of  stars,  it 


helps  us  to  understand  the  appear- 
ance of  that  band  of  light  we  call  the 
Milky  Way.  Here  is  something  you 
can  do  to  show  this:  You  will  need 
two  glass  pie  plates  and  some  brightly 
colored  cellophane  tape. 

Stretch  a piece  of  tape  across  the 
center  of  one  of  the  pie  plates  from 
one  side  to  the  other.  Now  fasten  a 
second  piece  of  tape  as  you  see  in  the 
picture  below.  It  should  cross  the 
first  piece  about  halfway  between 
the  center  of  the  plate  and  its  side. 
Tip  the  second  pie  plate  upside 
down  on  top  of  the  first  and  you 
will  have  a crude  representation  of 
the  shape  of  our  Galaxy.  The 
point  where  the  two  pieces  of  tape 
cross  represents  the  position  of  our 
sun  and  earth  about  halfway  be- 


tween  the  center  and  the  rim  of  our 
Galaxy. 

Now  let’s  imagine  that  our  pie- 
plate  Galaxy  is  "'filled”  with  stars. 
Of  course  the  stars  are  far  apart,  but 
there  are  many  of  them.  Can  you 
see  that  there  would  be  room  for  a 
great  many  stars  between  the  earth 
and  the  rims  of  the  pie  plates?  When 
we  look  toward  the  rims,  we  see  so 
many  stars  that  they  seem  crowded 
together.  We  call  these  stars  the 
Milky  Way.  Looking  from  the  earth 
toward  the  bottom  of  either  plate 
is  a much  shorter  distance.  There 
are  not  so  many  stars  between  us 
and  the  space  beyond  our  pie-plate 
Galaxy. 

Another  way  to  think  of  it  is  that 
it  is  as  if  we  were  halfway  between 


the  hub  and  the  rim  of  a great 
starry  wheel.  When  we  look  at  the 
Milky  Way,  we  are  looking  toward 
the  rim  of  the  wheel.  There  are 
so  many,  many  stars  between  us  and 
the  rim  that  we  cannot  see  them 
separately.  If  you  think  that  you 
may  be  looking  across  the  center  of 
the  wheel  toward  the  rim  on  the  far 
side,  it  helps  you  to  realize  why  you 
see  only  a shining  band  of  Hght  in- 
stead of  separate  stars.  However, 
when  you  look  at  the  sky  apart  from 
the  Milky  Way,  you  are  looking  up 
out  of  the  wheel.  There  are  fewer 
stars,  and  so  you  can  see  the  indi- 
vidual stars  more  clearly. 

The  whole  Milky  Way  system, 
made  of  biUions  of  suns,  is  moving 
through  space.  As  it  travels  through 
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space,  this  tremendous  system  moves 
all  together  as  one  big  unit. 

The  whole  system  is  also  turning 
like  a huge  wheel  around  its  center. 
The  sun  and  all  the  other  stars  are 
moving  around  the  center  of  our 
Galaxy.  Each  one  of  these  stars  in 
this  great  system  moves  along  its 
own  path.  At  the  outer  edge  of  the 

Other 

Astronomers  think  that  there  may 
be  miOions  of  other  galaxies  besides 
our  own.  These  huge  collections  of 
stars  are  miUions  of  light-years  be- 
yond our  own  Galaxy. 

There  is  one  galaxy  which  is  visible 
to  the  naked  eye  from  the  northern 
part  of  our  earth.  If  you  look  at  the 
constellation  Andromeda  on  a clear, 
moonless  night,  you  may  see  a hazy 


wheel  some  stars  are  trading  along 
hke  the  arms  of  a pinwheel.  It  takes 
a long  time  for  the  Galaxy  to  com- 
plete one  turn.  The  sun  takes  about 
200  million  of  our  years  to  make  one 
trip  around  the  Galaxy.  Some  scien- 
tists think  the  Galaxy  has  made  only 
about  twelve  turns  since  the  earth 
was  formed. 

Galaxies 

spot  of  light  near  one  of  its  stars. 
The  stars  in  this  constellation  and 
in  aU  the  other  constellations  in 
the  sky  are  part  of  our  Milky  Way 
system  of  stars.  But  when  astrono- 
mers using  telescopes  studied  this 
hazy  spot  of  light  in  the  constella- 
tion Andromeda,  they  found  that  it 
is  not  a star  at  aU.  It  is  not  part  of 
our  Galaxy. 


This  tiny  blur  of  light  is  actually 
a whole  system  of  bilhons  and  bil- 
Hons  of  stars.  It  is  over  a milhon 
Hght-years  away  from  our  Galaxy. 

The  central  portion  of  our  Galaxy 
is  hidden  from  us  by  huge  clouds. 
But  astronomers  have  made  a study 
of  the  central  portion  of  the  galaxy 
in  the  constellation  Andromeda. 
They  think  that  our  own  Galaxy 
and  the  galaxy  in  Andromeda  are 
similar  in  structure.  In  fact,  they 
say  that  the  Andromeda  galaxy  ap- 
pears to  us  very  much  as  the  Milky 
Way  system  would  appear  to  an 
observer  out  in  space. 

By  the  use  of  cameras  and  tele- 
scopes astronomers  have  been  able 


to  find  many  other  galaxies  beyond 
our  own.  Pictures  of  them,  taken 
through  telescopes,  show  that  many 
are  almost  flat  and  round.  This  is 
much  as  we  believe  our  Milky  Way 
system  to  be.  By  studying  these 
distant  galaxies,  we  have  been  able 
to  learn  more  about  our  own. 

A Look  at  the  Past 

When  you  look  at  any  of  these 
distant  galaxies,  you  are  really  look- 
ing across  great  spans  of  space.  A 
milhon  hght-years  is  an  enormous 
distance.  You  remember  that  light 
travels  6 trhlion  mhes  in  one  year. 
A mihion  hght-years  would  be  a 
milhon  times  as  far.  Have  you  ever 
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stopped  to  think  that  when  you  look 
at  such  a distant  object,  you  are 
also  looking  into  the  past? 

The  galaxy  in  the  constellation 
Andromeda  is  the  most  distant  ob- 
ject that  you  can  see  in  the  sky 
without  the  aid  of  a telescope.  It  is 
about  1,500,000  light-years  away 
from  the  earth. 

When  you  look  at  this  galaxy,  you 
are  really  looking  back  1,500,000 
years  into  the  past.  This  is  because 


the  light  that  you  see  left  the  galaxy 
that  many  years  ago. 

In  fact,  you  are  not  even  looking 
at  the  galaxy  where  it  is  at  the 
present  time.  You  are  looking  at 
where  it  was  1,500,000  years  ago. 
Remember  that  the  light  you  see 
left  the  galaxy  that  long  ago.  The 
Andromeda  galaxy  has  not  been 
standing  still.  In  those  1,500,000 
years  it  has  traveled  biUions  of 
miles. 


. * . A portion  of  a cluster  of  galaxies 


Clusters  of  Galaxies 

Astronomers  have  found  that  every 
object  in  space  seems  to  be  part  of 
a small  group,  which  in  turn  belongs 
to  a larger  group.  The  sun  and  its 
family  of  planets  are  one  such  small 
group,  which  we  call  our  solar  sys- 
tem. We  say  that  they  form  a group, 
or  system,  for  several  reasons.  The 
sun  is  at  the  center  of  the  group. 
The  planets  move  around  the  sun. 

The  members  of  this  group  affect 
each  other  in  many  ways.  If  you 
have  been  swimming  in  the  ocean, 
you  have  probably  seen  the  tide 
"come  in.”  The  moon  and  the  sun 
cause  the  tides  that  rise  and  fall  in 
oiu*  oceans  here  on  earth.  This  is 


one  way  in  which  our  earth  is  affected 
by  other  members  of  the  solar  system. 

AU  the  parts  of  the  system  are  in 
balance.  Changes  on  the  sun  may 
bring  about  changes  on  the  other 
members  of  the  solar  system.  Fi- 
nally, the  sun  is  moving  along  in 
space,  pulling  the  entire  group  of 
planets  with  it.  The  group  we  call 
the  solar  system  is  part  of  a much 
larger  group,  which  we  call  the 
Galaxy. 

But  that  is  not  all.  Our  Milky 
Way  system  belongs  to  a family  of 
such  galaxies.  This  family,  or  sys- 
tem, is  sometimes  called  a cluster  of 
galaxies.  Such  a system  is,  of  course, 
so  large  that  it  is  very  difficult  to 
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Galdxies  vary  in  appearance 


imagine.  Galaxies  millions  of  light- 
years  apgirt  may  be  members  of  the 
same  cluster. 

Some  astronomers  say  that  about 
nineteen  galaxies  make  up  the  cluster 
to  which  the  Milky  Way  system  be- 
longs. Several  hundred  other  groups 
of  galaxies  have  been  found.  Some  of 
these  contain  hundreds  or  even  thou- 
sands of  galaxies  each. 

Finally,  all  the  groups  of  galaxies 
thought  of  together  make  up  the 
biggest  group  of  all.  We  call  this  the 
imiverse. 

We  are  not  sure  that  this  is  the 
end  of  the  story.  Every  time  a larger 


telescope  is  made,  scientists  can  see 
farther  into  space.  With  each  new 
advance  into  space,  galaxies  have 
been  found.  Will  this  always  be 
true?  Shall  we  ever  have  a telescope 
large  enough  to  show  us  an  end  to 
space? 

Many  scientists  think  it  possible 
that  we  shall  never  see  an  end  to 
space.  Some  galaxies  may  be  so  far 
away  that  their  hght  will  never 
reach  us.  If  their  hght  never  reaches 
us,  then  we  can  never  see  them.  No 
one  reaUy  knows  what  kind  of  dis- 
coveries will  be  made  about  space 
in  the  futiure. 


Our  Expanding  Universe 


Many  astronomers  think  that  a 
long  time  ago  the  galaxies,  including 
our  own,  were  much  closer  together. 
It  is  as  though  there  had  been  a 
huddle  of  galaxies.  These  men  have 
set  the  time  of  the  huddle  at  about 
3 bilhon  years  ago.  From  that  time 
to  the  present  they  tell  us  that  the 
galaxies  have  been  moving  steadily 
apart. 

There  have  been  many  explana- 
tions of  how  this  might  have  been 
brought  about.  Many  astronomers 
seem  to  think  that  about  3 billion 
years  ago  there  was  one  big  gaseous 
mass.  In  some  way  or  other  this 
gaseous  mass  exploded.  From  out 


of  this  explosive  expansion  the  uni- 
verse, as  we  know  it,  began.  The  tur- 
bulent masses  of  material  gradually 
molded  into  the  more  regular  forms 
we  know  as  the  stars  and  galaxies. 
This  molding  process  is  probably 
still  taking  place.  It  is  thought  that 
stars  are  still  being  molded  from  gas 
and  dust  formations. 

According  to  this  theory  the  ma- 
terial moved  outward  and  away  from 
the  explosion.  The  galaxies  started 
to  spread  and,  to  this  very  day,  they 
are  moving  farther  apart.  Many 
astronomers  believe  that  we  are  liv- 
ing in  a universe  which  is  growing 
bigger  all  the  time. 


LEARNING  MORE  ABOUT  THE  GALAXY 


1.  Luminous  sky  charts  can  be  ob- 
tained from  the  National  Equipment 
Service  of  the  Girl  Scouts.  These 
charts  will  help  you  to  locate  the 
various  stars  in  the  summer  and 
winter  sky. 

2.  You  might  plan  a trip  to  a 
planetarium  or  observatory  if  there 
is  one  near  you. 

3.  If  you  enjoy  taking  pictures 
with  a camera,  you  might  try  to 


photograph  some  of  the  stars.  You 
can  use  any  kind  of  camera.  Place  it 
on  a box  or  other  steady  object  and 
point  it  toward  the  stars.  Open  the 
shutter  as  wide  as  you  can  and  leave 
the  camera  for  several  hours  with 
the  shutter  opened.  You  can  prob- 
ably improve  your  results  by  experi- 
menting. The  streaks  of  light  in 
your  pictxue  are  called  star  trails. 
Can  you  explain  them? 
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Light  Energy  All  around  Us 


Light  Energy  and  You 

When  did  you  get  up  today?  Did  you  waken  before 
sunrise  or  after?  Perhaps  you  have  never  thought  that 
most  of  us  wait  for  sunlight  before  we  get  up  in  the 
morning.  We  plan  a good  part  of  our  daily  living  ac- 
cording to  when  the  sun  rises  and  sets. 

Some  kind  of  light  energy  is  with  us  almost  all  the 
time.  Even  when  there  is  no  sunlight  shining  on  our 
part  of  the  earth,  we  can  usually  push  a switch  and  use 
electric  hghting.  In  many  towns  there  are  street  lamps, 
which  supply  hght  during  the  night.  When  there  is  not 
enough  hght,  we  can  use  flashlights,  lanterns,  candles, 
and  many  other  things  which  provide  light. 

In  fact,  it  is  difiicult  to  find  a completely  dark  place 
even  during  the  night.  You  might  find  a closet  or  some 
other  such  place  in  which  it  is  quite  dark.  In  a com- 
pletely dark  place  you  cannot  see  anything  at  ah. 
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We  Need  Light  Energy 

It  is  through  hght  energy  that 
you  are  informed  about  many  ob- 
jects that  are  about  you.  Without 
light  you  would  not  be  able  to  see 
anything.  You  would  be  cut  off, 
in  a sense,  from  the  world  around 
you.  You  would  know  of  things 
only  by  touching,  smelling,  tasting, 
or  hearing  them.  You  would  have 
a very  different  idea  of  what  your 
world  is  hke  if  there  were  no  hght 
energy  to  help  you  see. 

If  you  have  visited  some  of  the 
large  underground  caverns  near 
Carlsbad,  New  Mexico,  you  may 
have  an  idea  of  what  it  would  be 
hke  in  a completely  dark  world.  No 


sunlight  penetrates  these  dark,  nat- 
ural caverns.  Electric  lamps  hght 
the  way  as  you  descend  into  the 
dark  depths. 

On  some  of  the  trips  through  the 
caverns  the  guides  teh  you  to  sit 
down  quietly.  Then  the  hghts  are 
turned  off.  If  everyone  stays  very 
stih,  you  cannot  be  sure  that  anyone 
is  near  you.  You  are  not  able  to  see 
anything. 

In  our  everyday  hving,  hght  from 
the  sun  or  from  some  other  source  is 
with  us  practicahy  ah  the  time. 
We  have  taken  hght  for  granted. 
Think  how  difficult  and  different 
your  hfe  might  be  if  you  did  not 
have  any  hght  energy  to  use! 


Worshiping  the  sun  , ” 

Light  and  Early  Man 

Our  earth  was  not  always  lighted 
at  night  the  way  it  is  now.  There 
was  a time  when  there  were  no  street 
lamps  anywhere  on  our  earth.  Once 
no  one  had  a flashlight  or  lantern  or 
even  a burning  torch  to  light  his  way 
at  night  or  along  a footpath  in  a 
dark  wood.  The  only  source  of 
light  was  the  sun. 

Long  ago  it  was  only  during  the 
daylight  hours  that  there  was  enough 
light  for  a person  to  see  and  move 
about  easily.  At  night  men  must 


have  huddled  together  until  dawn. 
They  had  a great  deal  to  be  afraid  of. 
Since  men  could  not  move  around 
in  the  dark  as  well  as  the  wild 
animals,  they  were  at  a disadvan- 
tage. They  could  not  protect  them- 
selves as  well  at  night  as  they  could 
during  daylight. 

Sunlight  must  have  been  very 
welcome  to  these  early  people.  The 
light  from  the  sun  made  it  possible 
for  them  to  see  the  world  around 
them.  During  the  daylight  hours 
men  could  be  warned  of  danger 
before  it  was  upon  them. 

Primitive  people  made  many  great 
discoveries.  Probably  one  of  the 
greatest  discoveries  was  the  use  of 
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fire.  At  first  fire  may  have  come 
from  wood  which  had  been  set  burn- 
ing by  hghtning.  Long  ago,  people 
probably  did  not  know  how  to  start 
a fire  themselves.  So  wLen  a fire 
was  set,  it  was  very  important  for 
them  to  keep  the  fire  burning. 

Fire  and  Light 

As  man  learned  more  about  fire, 
he  was  able  to  use  it  for  many  pur- 
poses. He  discovered  that  he  could 
use  fire  to  cook  his  food  and  to  keep 
himself  and  his  family  warm.  He 
also  discovered  that  he  could  use 
the  hght  from  a fire. 

At  first  people  may  have  noticed 
that  the  light  from  a fire  helped  them 


to  see  objects  around  their  camp  at 
night.  If  they  moved  away  from  the 
light  of  the  fire,  it  would  be  very 
dark,  and  they  would  not  be  able  to 
see.  Perhaps  at  some  time  someone 
picked  up  a stick  which  was  burning 
at  one  end  and  carried  it  to  light  his 
way  as  he  moved  away  from  the 
fire  at  night. 

When  man  learned  that  he  could 
carry  a burning  torch  to  light  his 
way,  he  had  made  a big  step  for- 
ward. Now  he  had  a source  of  light 
which  he  could  carry  with  him. 

The  discovery  that  a man  could 
carry  a torch  to  hght  his  way 
brought  new  difficulties.  Whep 
walking  through  a field  or  forest 
with  a torch,  someone  may  acciden- 
tally have  started  a fire.  Such  a fire 
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may  have  destroyed  his  home.  Per-  tainly,  as  man  learned  to  use  the  fire 

haps  some  members  of  his  family  of  a torch  for  light,  he  had  many 

lost  their  fives.  problems  to  solve.  Some  of  these 

Each  new  discovery  has  probably  were  solved  by  discovering  other 

always  brought  new  problems.  Cer-  ways  of  using  fire  to  produce  fight. 


What  Is  Light? 


For  many  centuries  fight  was  pro- 
duced by  the  burning  of  some  ma- 
terial such  as  oil,  wax,  or  gas.  To 
use  these  materials,  such  things  as 
oil  lamps,  candles,  and  gas  lamps 
were  made.  Before  man  was  able 


to  use  other  methods  of  fighting, 
he  had  to  find  out  something  about 
fight  itself  and  how  it  is  produced. 

Heating  Produces  Light 

Perhaps  in  your  home  you  have 
an  open  fireplace  or  a furnace  in 
which  wood  or  cosil  is  burned.  Many 
people  use  an  iron  poker  to  turn  or 


poke  the  burning  material  in  a fire- 
place or  a furnace.  If  an  iron  poker 
is  left  in  the  fire  for  some  time,  it 
becomes  red  and  begins  to  glow. 
We  say  it  is  red  hot. 

You  can  heat  something  in  your 
classroom  till  it  is  red  hot.  First, 
push  one  end  of  a small  needle  into 
a cork.  Then  by  holding  the  cork, 
you  can  place  the  needle  in  a candle 
flame. 

Notice  the  part  of  the  needle  which 
has  been  placed  in  the  flame.  When 
the  needle  has  been  heated  for  a 
short  time,  it  will  begin  to  give  off  a 
reddish  glow.  The  reddish  light  will 
be  seen  easily  as  the  needle  receives 
more  and  more  heat. 

The  needle  must  be  heated  to  a 
certain  temperature  before  it  will 
begin  to  glow.  If  the  needle  is  taken 
out  of  the  flame,  it  stops  glowing, 
but  it  is  still  too  hot  to  handle. 


It  is  a good  idea  to  cool  such  a hot 
needle  by  placing  it  in  a pan  of  cold 
water. 

High  Temperatures  and  Light 

As  you  may  know,  it  used  to  be  a 
common  sight  to  see  a blacksmith 
working  with  iron.  First,  he  heated 
a piece  of  iron  in  a fire  and  then 
shaped  the  iron  to  make  something 
from  it.  In  order  to  shape  the  iron 
properly,  he  had  to  heat  it  to  a high 
temperature. 

You  may  think  it  would  be  diffi- 
cult to  know  the  temperature  of  a 
piece  of  iron  as  it  is  held  in  a fire. 
However,  blacksmiths  found  an  easy 
way  to  tell  if  the  iron  had  been 
heated  to  the  proper  temperature. 

Blacksmiths  observed  the  color  of 
iron  as  it  was  heated  in  their  fires. 
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They  noticed  that  after  being  in  the 
fire  for  a while,  iron  began  to  give  off 
a reddish  glow.  Then  as  they  con- 
tinued to  heat  the  iron,  they  saw 
that  it  changed  color  still  more.  Its 
color  changed  from  red  to  yeUow. 
Before  the  iron  gave  off  a yellowish 
fight,  it  had  to  be  heated  to  a higher 
temperature  than  that  at  which  its 
fight  was  red. 

If  a blacksmith  had  a very  hot 
fire,  he  was  able  to  heat  the  iron  even 
more.  He  noticed  that  when  he 
heated  the  hot,  yellowish  iron  to  a 
still  higher  temperature,  it  became 
white.  It  took  a very  hot  fire  to 
make  the  iron  give  off  a white  glow. 

By  observing  the  color  of  the  iron, 
a blacksmith  was  able  to  tell  how 


hot  it  was.  He  knew  by  the  color  of 
the  fight  when  the  iron  was  heated 
to  the  proper  temperatur3. 

Men  and  women  who  studied  this 
were  puzzled  about  it  for  a long  time. 
They  asked  themselves  many  ques- 
tions. Why  should  a piece  of  iron 
give  off  fight  when  it  is  heated? 
Why  should  the  color  of  the  fight 
change  as  the  iron  becomes  hotter? 

These  people  developed  many  the- 
ories as  answers  to  these  questions. 
A theory  is  like  a story  which  men 
invent  to  help  explain  what  they  see 
happen.  Theories  are  usually  not 
complete  explanations. 


Electrons  spinning 
around  the  center 
of  on  atom  of  carbon 


Light  from  Atoms 

One  explanation  of  why  iron  glows 
when  heated  is  based  on  a theory 
about  atoms.  As  you  may  remem- 
ber, everything  on  the  earth  or  in 
the  sky  is  made  of  atoms.  A small 
piece  of  iron  is  made  of  millions  of 
atoms.  A needle  or  a pencil  is  also 
made  of  millions  of  atoms.  In  fact, 
you  are  made  of  atoms,  too. 

Scientists  tell  us  that  the  outer 
parts  of  atoms,  called  electrons,  keep 
revolving  very  rapidly  around  the 
center  of  each  atom.  This  is  rather 
hard  to  imagine.  Even  with  the  most 
powerful  microscope  no  man  has  ever 
been  able  to  see  what  an  atom  or  an 
electron  looks  like.  Maybe  no  one 
ever  will.  But  this  theory  helps  to 
explain  certain  happenings  which 
seem  to  be  explained  in  no  other 
way  as  yet. 


This  theory  helps  to  explain  why 
iron  changes  color  as  it  is  heated. 
As  the  electrons  of  the  iron  atoms 
receive  more  heat  energy,  they  begin 
moving  faster  and  faster.  The  more 
heat  the  electrons  receive,  the  faster 
they  move.  The  electrons  now  have 
more  energy  than  they  had  before. 
It  is  believed  that  the  electrons 
give  off  this  energy  as  light. 

When  the  electrons  of  the  iron 
atoms  have  received  only  a certain 
amount  of  heat,  they  give  off  red 
light.  If  more  heat  energy  is  sup- 
plied to  the  electrons,  they  move 
faster  and  their  light  is  yellowish. 
It  takes  much  more  heat  energy  for 
the  electrons  to  give  off  white  light. 
Electrons  which  glow  with  a white 
light  are  moving  faster  and  have 
more  energy  than  electrons  which 
give  off  yellow  light  or  red  light. 
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Heating  Metals 

When  a blacksmith  heats  a piece 
of  iron,  he  is  heating  a piece  of 
metal.  Tin,  zinc,  and  copper  are 
also  metals.  You  probably  know  of 
many  more.  You  might  make  a list 
of  as  many  metals  as  you  can  think 
of.  We  have  started  a list  on  this 
page.  It  would  be  a good  idea  to 
check  to  make  sure  that  each  thing 
on  your  list  is  really  a metal. 

Man  has  discovered  many  differ- 
ent ways  of  heating  metals.  We 
have  read  how  a metal  can  be  heated 
by  placing  it  in  a flame.  What 
would  you  suggest  as  another  way 
of  heating  a metal? 

The  boy  and  girl  in  the  picture  on 
this  page  are  heating  a metal  in  an- 


List of  metais 

Iron 

Tin 

Zinc 

Copper 

other  way.  They  are  using  electrical 
energy  to  heat  a wire.  If  you  wish 
to  try  their  experiment,  you  will 
need  a dry  cell  and  a piece  of  in- 
sulated copper  wire. 

Connect  an  end  of  the  wire  to  one 
post  of  the  dry  ceU.  Then  hold  the 
free  end  of  wire  against  the  other 
post  of  the  dry  cell.  In  a short  time 
the  wire  will  become  hot.  It  will  feel 


warm  to  your  hand,  even  though  it 
is  insulated.  Electrical  energy  heats 
wire  as  it  moves  through  it.  It  will 
heat  a piece  of  wire  so  much  that  you 
cannot  hold  it.  The  wire  will  begin 
to  cool  as  soon  as  you  have  dis- 
connected it. 

Some  boys  and  girls  tried  an  ex- 
periment to  see  if  it  was  possible  to 
make  metal  give  off  light  without 
using  fire  to  heat  it.  Instead  of  a 
flame  they  used  electrical  energy  to 
provide  heat.  They  experimented 
with  a small,  thin  piece  of  iron  wire. 
The  picture  on  this  page  shows  how 
they  did  their  experiment.  You 
might  try  this  experiment,  too. 

You  will  need  two  pieces  of  in- 
sulated copper  wire,  one  short,  very 


thin  piece  of  uninsulated  iron  wire, 
and  a dry  cell.  First,  fasten  the 
wires  together  by  twisting  a piece  of 
copper  wire  to  each  end  of  the  iron 
wire.  This  will  make  one  long 
strand  of  wire,  consisting  of  the  three 
pieces  of  wire  fastened  together. 

Now  connect  one  end  of  this  strand 
to  the  dry  cell.  Hold  the  other  end 
against  the  second  post  of  the  dry 
cell.  In  a short  time  all  three  pieces 
of  wire  will  begin  to  get  hot.  But  the 
iron  wire  will  become  much  hotter 
than  the  copper  wires. 

This  is  partly  because  the  iron 
wire  is  not  insulated.  It  is  also  so 
thin  that  it  is  hard  for  electrical 
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energy  to  travel  along  it.  The 
energy  can  travel  adong  the  thicker, 
copper  wire  more  easily. 

The  iron  wire  becomes  so  hot  that 
it  will  begin  to  glow.  Electrical 
energy  will  make  the  iron  wire  give 
off  hght  as  it  is  heated. 

Heating  Metals  for  Light 

When  a metal  receives  enough  heat 
energy,  some  of  the  energy  is 
changed  into  light.  Each  one  of  the 
metals  on  the  list  which  you  made 
will  give  off  light  when  heated  to 
a high  temperature.  This  is  not 
true  of  all  things.  Many  things 
will  burn  when  brought  near  a flame. 
However,  it  is  possible  to  heat  metals 
to  very  high  temperatures  without 
burning  them.  All  metals  begin  to 
glow  when  they  receive  enough  heat. 


It  is  believed  that  the  electrons 
of  atoms  of  zinc,  tin,  copper,  and 
other  metals  move  in  much  the  same 
way  that  electrons  of  iron  atoms  do. 
As  their  heat  energy  becomes  greater, 
they  too  speed  up  and  move  faster 
and  faster.  Their  additional  energy 
is  given  off  in  the  form  of  light. 

You  have  done  an  experiment  in 
which  you  heated  a small  piece  of 
iron  wire  until  it  became  so  hot  that 
it  glowed.  It  would  be  possible  to 
use  a very  thin,  short  piece  of  un- 
insulated copper  wire  in  place  of 
the  iron  wire.  You  might  also  want 
to  use  two  dry  cells,  instead  of  one, 
for  better  results. 

Electrical  energy  changes  to  heat 
energy  in  the  wire.  The  atoms  of  the 
metal  of  which  the  wire  is  made 
become  heated.  When  the  electrons 


of  the  atoms  receive  a certain  amount 
of  heat  energy,  they  give  off  light. 
Electrical  energy  is  really  being 
changed  to  light  energy.  This  is  the 
same  kind  of  thing  which  happens 
in  the  electric-light  bulbs  which  you 
use  in  yoiu*  home. 

It  is  interesting  to  examine  elec- 
tric-light bulbs.  There  are  bulbs  of 
many  different  sizes  and  shapes. 
Many,  such  as  the  small  bulbs  used 
in  flashlights,  are  made  of  clear  glass. 
If  you  examine  such  a bulb,  you  will 
notice  a very  thin  piece  of  wire.  The 
thin  piece  of  wire  is  made  from  a 
metal  called  tungsten. 


Electrical  energy  is  changed  to 
heat  energy  in  the  tungsten  wire  of 
the  light  bulb.  The  heat  energy  is 
then  changed  to  light  energy.  This 
happens  when  the  atoms  of  tungsten 
are  heated  to  a certain  temperature. 

Men  who  study  about  metals  tell 
us  that  the  color  of  the  light  is  dif- 
ferent for  different  metals.  It  has 
been  discovered  that  each  metal 
gives  off  its  own  particular  colors 
when  heated  to  very  high  tempera- 
tures. Scientists  have  found  that 
this  is  very  useful  information.  They 
can  place  a bit  of  metal  in  a flame 
and  notice  the  color  of  the  light 
it  gives  off.  The  color  of  the  light 
will  help  them  to  know  what  the 
metal  is. 


Solar  prominences 


Light  from  the  Sun 


We  have  read  how  important  sun- 
light was  to  early  men.  They  de- 
pended on  the  sun  as  their  only 
source  of  light.  Even  today  our 
biggest  source  of  light  energy  is  the 
sun.  Energy  from  the  sun  is  just  as 
necessary  to  us  as  it  was  to  people 
of  long  ago.  Of  course  we  have 
come  to  realize  its  importance  in 
ways  not  known  by  early  men. 

We  know  that  the  energy  from  the 
sun  is  necessary  to  green  plants. 


The  plants  could  not  make  food  if 
they  were  not  bathed  in  sunlight. 
Without  plants  we  would  lack  food. 
In  fact,  we  could  not  live  at  all 
without  green  plants. 

Besides  providing  us  with  food, 
sunlight  is  important  to  us  in  many 
other  ways.  You  might  make  a list 
of  ways  in  which  sunlight  is  val- 
uable. It  will  help  you  to  make 
your  list  if  you  discuss  it  with  your 
friends. 
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How  Is  Sunlight  Produced? 

Think  of  the  sun — that  great  gen- 
erator of  energy!  What  is  it  that 
produces  the  energy  of  the  sun?  How 
does  the  sun  send  out  the  great 
amounts  of  light  and  heat  that 
reach  our  earth  each  day? 

Men  have  probably  always  won- 
dered what  is  happening  inside  the 
sun.  We  know  that  something  must 
be  going  on  which  produces  all  that 
light.  But  what  is  it?  It  has  been 
only  a very  short  time  since  we 
began  to  understand  much  about  the 
energy  of  the  sun.  About  the  year 
1940  men  who  study  the  sun  made 
some  discoveries.  These  discoveries 
helped  them  understand  how  the 
sun’s  energy  is  produced. 


These  men  found  out  that  most  of 
the  sun,  or  about  90  per  cent  of  it, 
is  made  of  hydrogen  gas.  Atoms  of 
hydrogen  gas  in  the  sun  join  to- 
gether, and  a new  gas  is  formed. 
When  four  atoms  of  hydrogen  gas 
combine,  they  form  an  atom  of 
helium  gas.  Great  amounts  of  energy 
are  released  when  this  happens. 

All  the  atoms  of  the  sun  are  heated 
to  very  high  temperatures.  The 
atoms  are  heated  by  the  energy 
which  is  released  when  helium  gas  is 
made  from  hydrogen  gas. 

In  the  sun,  in  addition  to  the 
atoms  of  hydrogen  and  helium,  there 
are  atoms  of  other  materials,  such  as 
iron,  oxygen,  carbon,  and  many 
others.  As  you  know,  the  electrons 


of  atoms  of  metals  and  of  some  gases 
give  off  light  energy  when  heated 
to  high  temperatures.  The  electrons 
of  the  heated  atoms  in  the  sun  give 
off  light  energy  in  the  same  way. 

Sunlight  through  Space 

Light  energy  from  the  sun  strikes 
our  earth.  It  comes  to  us  through 
space.  The  sunlight  travels  about 
93  million  miles  from  the  sun  to 
our  earth. 

Have  you  ever  thought  what  it 
would  be  like  out  in  space?  Imagine 
that  we  went  out  in  space,  far  beyond 
the  earth.  Let’s  even  go  out  beyond 
our  moon.  What  would  it  be  like  in 
outer  space  between  our  earth  and 
the  sun? 


Most  of  this  space  is  black.  From 
outer  space  we  would  be  able  to 
see  the  sun  and  the  other  stars 
shining  in  the  sky.  But  the  space 
around  us  would  not  be  light.  This 
seems  strange,  doesn’t  it?  If  outer 
space  is  black,  how  does  the  light 
energy  from  the  sun  reach  our 
earth? 

No  one  has  yet  been  far  out  in 
space  to  see  what  it  is  really  like. 
However,  from  their  studies  scien- 
tists are  able  to  explain  how  it  must 
be.  Light  energy  passes  through 
space  between  our  earth  and  the  sun. 
We  can  see  the  light  from  the  sun 
when  it  reaches  our  eyes,  but  it  can- 
not be  seen  as  it  passes  through 
space.  There  are  many  small  par- 
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tides  in  the  earth’s  atmosphere. 
When  the  sun’s  energy  reaches  our 
atmosphere,  it  strikes  these  particles, 
and  we  see  its  light.  There  are  few 
objects  in  the  way  of  light  energy  as 


it  travels  from  the  sun  to  the  earth. 
Most  of  outer  space  is  thought  to  be 
empty.  Since  there  are  practically 
no  particles  for  the  energy  to  strike, 
outer  space  is  black. 


Experimenting  with  Light 


We  often  hear  people  say  that 
light  strikes  an  object.  They  are 
right.  Light  energy  strikes  an  object 
with  a force  that  can  be  measured. 
Of  course  the  force  with  which  it 


strikes  is  very,  very  small,  but  scien- 
tists have  measured  the  pressure  of 
sunlight. 

Part  of  the  force  with  which  light 
strikes  an  object  is  due  to  the  speed 
of  light.  Light  energy  is  moving  and 
it  travels  very  fast.  Just  think!  If 
there  is  sunlight  striking  this  page, 
it  left  the  sun  about  eight  minutes 
ago.  It  traveled  93,000,000  miles  in 
eight  minutes. 

Have  you  ever  seen  a jet  plane 
zoom  by?  It  may  have  been  travel- 
ing more  than  700  miles  an  hour. 
That  is  almost  as  fast  as  the  speed  of 


sound.  However,  when  you  compare 
it  with  the  speed  of  light,  700  miles 
an  hour  is  not  very  fast.  Light 
travels  186,000  miles  in  one  second. 
This  is  more  than  650  million  miles 
an  hour. 

You  are  able  to  see  a jet  plane, 
even  though  it  is  flying  rapidly,  be- 
cause it  moves  much  slower  than  the 
speed  of  light.  The  light  can  travel 
to  your  eyes  from  the  plane  faster 
than  the  plane  can  move. 


The  Movement  of  Light 

We  know  that  light  energy  travels 
in  straight  lines.  The  boy  and  girl 
in  the  picture  above  are  doing  an 
experiment  which  you  might  try.  It 
may  help  you  to  see  how  light  moves. 

You  will  need  a flashlight  and  two 
pieces  of  cardboard,  each  about  12 
inches  square.  First,  cut  a small, 
round  hole  about  the  size  of  a dime 
in  the  center  of  each  card. 

Then  place  the  flashlight  on  the 
table  as  you  see  in  the  picture.  The 
boy  in  the  picture  is  holding  the 
cards  for  the  girl.  He  is  holding  a 
card  about  8 inches  from  one  of  her 
eyes.  The  other  card  is  held  between 
the  first  card  and  the  flashlight. 


First,  the  cards  should  be  held  so  that  the  two  holes 
and  the  light  are  in  a straight  line.  Then  by  looking 
through  the  two  holes,  you  can  see  the  light. 

Now  move  one  of  the  cards  about  2 inches  to  the 
right.  Can  you  still  see  the  light?  You  will  not  be  able 
to  see  the  beam  of  light,  because  the  holes  are  no  longer 
in  line  with  the  hght.  Light  energy  cannot  bend  around 
the  cardboard. 

Light  Changes  Direction 


When  light  strikes  a mirror,  wall,  or  other  object,  some 
of  the  light  usually  changes  its  direction.  But  the  light 
energy  continues  to  travel  in  a straight  line,  even  though 
it  has  changed  direction. 

Here  is  an  experiment  which  will  help  you  to  under- 
stand how  a beam  of  light  changes  direction:  You  will 
need  a beam  of  sunlight  which  is  coming  through  a win- 
dow and  striking  the  floor.  Place  a pocket  mirror  in  this 
shaft  of  sunlight  so  that  some  of  the  sunlight  strikes  the 
mirror  instead  of  the  floor.  Now  there  is  a bright  spot  of 
light  on  the  ceiling.  Part  of  the  sunlight  is  striking  the 
ceiling  instead  of  the  floor. 


A beam  of  light  changes  direction 
when  it  strikes  the  surface  of  a mir- 
ror. By  moving  the  mirror  in  the 
sunlight,  you  can  control  the  spot  of 
light.  You  can  make  it  shine  on  the 
ceding  or  on  the  wall. 

In  going  through  air  about  us, 
light  changes  direction  many  times. 
You  probably  do  not  notice  that 
light  is  changing  direction,  but  it  is 
happening  all  around  you  right  now. 

Light  in  a Hallway 

We  have  read  that  light  travels  in 
straight  lines.  If  it  strikes  an  object 
in  its  path,  the  light  may  change 
direction. 


Let’s  see  how  this  makes  a differ- 
ence in  the  position  in  which  a light 
should  be  placed  in  the  haUway  you 
see  pictured  above.  As  you  notice, 
there  is  only  one  light.  You  can 
see  where  it  is  placed  now.  Some 
boys  and  girls  want  to  decide  where 
it  should  be  placed  to  light  as  much 
of  the  hallway  as  possible. 

The  boys  and  girls  are  experi- 
menting to  see  how  much  light  they 
can  see  at  each  position  in  the  hall- 
way. See  where  one  girl  is  standing. 
How  much  light  can  she  see  when 
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she  stands  in  that  position?  The 
light  comes  straight  down  the  hall- 
way. The  girl  can  see  a lot  of  light 
because  the  light  travels  in  a straight 
Hne  to  where  she  is  standing. 

But  what  about  the  boy  who  is 
standing  in  the  next  position  in  the 
hallway?  How  much  light  does  he 
see?  The  light  travels  in  a straight 
hne  to  where  the  girl  is  standing. 
When  it  strikes  the  wall  back  of  the 


girl,  it  changes  direction.  Some  of  it 
strikes  the  other  walls.  And  again 
the  light  changes  direction.  Now 
some  of  it  is  directed  toward  the 
boy.  He  is  able  to  see  some  of  the 
light. 

Do  you  think  that  the  girl  sitting 
at  the  far  end  of  the  hallway  can  see 
any  light?  You  might  try  an  ex- 


periment  to  find  out.  You  will  need 
three  shoe  boxes  and  a flashlight.  By 
cutting  holes  in  the  boxes  and  join- 
ing them  together  as  you  see  in  the 
pictures  on  this  page,  you  can  make 
a miniature  hallway. 

Place  the  flashlight  in*  the  position 
marked  A in  the  picture  below.  Then 
look  through  the  boxes  from  posi- 
tion B,  which  corresponds  to  the 
position  in  the  hallway  where  the 
girl  is  seated.  As  you  look  down 
this  part  of  the  miniature  hallway, 
how  much  light  can  you  see? 


You  can  use  your  arrangement  of 
shoe  boxes  to  test  the  amount  of 
light  that  the  other  two  children 
are  able  to  see  from  their  positions 
in  the  hallway.  You  remember  that 
the  boys  and  girls  in  the  hallway 
started  their  experiment  in  order  to 
find  out  where  to  place  the  light. 
They  wanted  as  much  of  the  hallway 
as  possible  to  be  lighted.  Where  do 
you  think  that  the  boys  and  girls 
finally  decided  that  the  light  should 
be  placed?  Use  your  arrangement 
of  shoe  boxes  to  test  your  answer. 


Position  A 


Let’s  Look  at  Colors 


You  already  know  that  to  see  an 
object,  you  need  light.  When  it  is 
completely  dark,  you  can  see  no  ob- 
jects at  all  nor  any  colors.  When 
there  is  enough  light,  you  can  see 
colors  of  every  sort. 

Perhaps  you  have  seen  a rainbow 
in  the  sky.  The  spread  of  color  is 
very  beautiful.  But  look  around! 
There’s  a great  variety  of  color  all 
about  you.  Probably  there  are  many 
different  shades  of  green,  blue,  and 
red.  There  must  be  shades  of  any 
color  that  you  can  name. 

A Bundle  of  Light 

Here  is  something  you  have  prob- 
ably seen  happen  many  times:  sun- 
light coming  through  a window  may 


strike  a piece  of  cut  glass.  In  the 
picture  below  look  at  the  cut-glass 
chandelier  and  the  arrangement  of 
colors  which  are  striking  the  floor 
and  the  wall.  You  can  see  violet, 
blue,  green,  yellow,  orange,  and  red. 
If  the  cut  glass  starts  swinging  in 
the  sunlight,  then  the  colors  will  also 
swing  back  and  forth.  Something 
happens  to  sunlight  as  it  comes 
through  a piece  of  cut  glass. 

You  might  say  that  a beam  of  sun- 
light is  really  a bundle  of  light.  It 
is  made  up  of  many  different  colors 
of  light.  When  sunlight  strikes  a 
piece  of  cut  glass,  the  colors  in  the 
bundle  of  light  change  direction. 
As  they  go  through  the  glass,  they 
all  change  in  the  same  direction. 


but  some  change  more  than  others. 
Violet  changes  direction  more  than 
the  other  colors  do.  Blue  changes 
direction  more  than  green.  Green 
changes  more  than  yellow  does, 
and  yellow  more  than  orange.  Red 
light  changes  direction  less  than  any 
of  the  others.  In  this  way  the  bun- 
dle of  light  is  separated  into  its  var- 
ious colors. 

The  different  parts  of  sunlight 
may  be  separated  at  other  times 
also.  We  see  rainbows  in  the  sky 
because  little  drops  of  water  change 
the  direction  of  the  light.  Some 
parts  of  the  light  change  direction 
more  than  other  parts.  This  causes 
the  various  colors  in  sunlight  to  be 
spread  out  across  the  sky. 


Where  Do  Colors  Come  From? 

The  color  of  objects  depends  upon 
the  light  that  strikes  them.  The 
following  experiment  will  help  you 
to  see  this.  You  will  need  a green 
crayon  and  a large  piece  of  bright- 
red  cellophane. 

First,  color  a large,  green  spot  on 
a white  piece  of  paper.  Now  place 
the  paper  in  a beam  of  sunlight. 
Fold  a piece  of  red  cellophane  and 
hold  it  so  that  the  sunlight  shines 
through  several  thicknesses  of  cello- 
phane before  striking  the  paper. 
Look  at  the  spot  which  you  have 
colored.  It  no  longer  looks  green. 
It  seems  to  be  black. 
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When  sunlight  shines  on  red  cel-  the  light.  A red  dish  looks  red  be- 

lophane,  only  the  red  part  of  the  cause  it  sends  back  only  the  red 

sunlight  shines  through.  The  red  part  of  the  light  which  strikes  it. 

light  shines  on  the  spot  which  you  If  there  were  no  red  in  the  light,  the 

colored  green.  But  there  is  none  of  dish  would  look  black.  It  would 

the  color  green  in  the  red  light.  So  send  back  hardly  any  light  at  all. 

the  spot  that  you  colored  no  longer  How  do  we  see  colors  in  our  homes 
looks  green,  but  black.  at  night  when  there  is  no  sunlight? 

When  an  object  looks  red  or  blue  The  light  which  we  use  at  night  is 

or  purple  or  any  other  color,  we  given  off  by  electric-light  bulbs.  If 

say  that  it  reflects  that  particular  we  see  colors,  they  must  be  in  the 

color.  You  know  that  light  can  light  from  our  lamps, 

change  direction.  When  light  strikes  You  might  take  a piece  of  cut 
a colored  object,  the  object  may  glass  and  shine  an  electric  Hght 

send  back  only  a small  portion  of  through  it.  You  will  find  that  you 

can  see  many  colors.  You  will  get 


There  are  many  different  colors  in 
the  bundle  of  hght  coming  from  an 
electric  hght.  When  you  look  at  a 
blue  dress  by  electric  hght,  you  can 
see  the  color  blue  because  there  is 
blue  in  the  hght  coming  from  the 
electric-light  bulb.  The  dress  might 
look  a different  shade  of  blue  in  the 
sunlight.  There  is  usuahy  a differ- 
ent amount  of  blue  in  electric  hght 
than  there  is  in  sunlight. 

You  might  try  changing  the  color 
of  hght  coming  from  a flashlight, 
much  as  you  changed  the  color  of 
sunhght,  by  experimenting  with  a 
piece  of  red  cehophane.  First,  cover 
a flashhght  with  several  thicknesses 

LEARNING  MORE 

1.  Place  a pencil  in  a glass  of 
water.  Look  at  the  pencil  through 
the  side  of  the  glass.  The  pencil  wih 
appear  to  be  broken  at  the  place 
where  the  air  and  the  water  come 
together.  What  do  you  think  is  the 
reason  for  this? 

2.  When  the  sunhght  strikes  a 
spray  of  water  from  a lawn  sprinkler, 
you  may  see  a rainbow  in  the  spray. 
How  do  you  think  the  rainbow  is 
formed?  How  would  you  explain  a 
rainbow  in  the  sky? 


of  red  cellophane.  Then  darken  the 
room  and  shine  the  red  light  on  ob- 
jects of  various  colors.  Do  you  see 
how  the  colors  change? 

Your  experiments  with  a piece  of 
cut  glass  showed  you  that  there  are 
many  different  colors  in  the  light 
from  the  sun.  There  are  many  dif- 
ferent colors  in  the  light  made  by 
electricity  too. 

Color  adds  to  the  beauty  of  the 
world.  The  colors  of  the  trees,  of 
the  landscape,  and  of  the  clothes  we 
wear  make  the  world  a much  more 
enjoyable  place.  Colors  are  part  of 
the  light  energy  which  reaches  the 
earth  each  day  from  our  sun. 

ABOUT  LIGHT 

3.  Place  a piece  of  heavy  colored 
paper  behind  a piece  of  window 
glass.  You  will  be  able  to  use  the 
glass  with  the  paper  behind  it  as  a 
mirror.  Why  is  this  so? 

4.  A man  bought  a blue  suit.  It 
was  during  the  evening  and  the  store 
was  weU  lighted  by  electric  lights. 
He  liked  the  blue  color  of  the  suit. 
But  when  he  looked  at  the  suit  in 
sunlight,  he  said  it  looked  like  a 
brighter  shade  of  blue.  How  would 
you  explain  this? 
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and  Animals  Live 
Commnnities 

^ tfc-  • 


Plants 


. / 


Communities  All  Around 


If  someone  asked,  "What  is  a community?” — what 
would  you  say?  You  would  be  right  if  you  said,  "My 
town  is  a community.”  Scientists  studying  plants  and 
animals  think  of  them  as  living  in  communities,  too. 
But  communities  of  plants  and  animals  are  quite  different 
from  your  town  or  city. 

Look  at  the  places  in  the  picture.  In  each  part  of  this 
scene  there  are  plants  and  animals.  Wherever  you  look, 
you  will  almost  always  find  plants  and  animals  living 
together.  The  place  where  they  live  is  called  a com- 
munity. If  you  looked  in  lakes,  forests,  grasslands,  or 
streams,  you  would  be  sure  to  find  communities  of  plants 
and  animals.  You  would  also  find  them  in  such  desolate- 
looking  spots  as  deserts,  sandy  beaches,  and  rocky  hills. 

A community  usually  has  green  plants.  These  are 
very  important  because  they  manufacture  food  and  other 
things  which  the  rest  of  the  community  needs.  Many 
different  animals  can  be  found  in  the  community,  and 
there  might  be  some  non- green  plants  such  as  toadstools 
or  puffballs. 


A group  of  plants  and  animals 
living  together  can  usually  find  every- 
thing necessary  to  keep  them  alive 
right  in  their  community.  There  is, 


however,  a very  delicate  balance  be- 
tween them.  If  something  happens 
to  any  part,  the  rest  of  the  com- 
munity is  also  affected. 


Balance  in  the  Community 


As  you  know,  animals  depend 
either  directly  or  indirectly  upon 
green  plants  for  food.  In  the  arctic 
there  are  animals  known  as  caribou. 
The  caribou  eat  green  plants  such 
as  grasses  and  dwarf  willows.  The 
C£iribou,  in  turn,  are  hunted  as  food 
by  the  wolves  that  also  live  in  the 
arctic  region.  The  wolves  depend  on 
the  caribou  and  the  caribou  depend 
on  green  plants.  So  you  see,  the 
wolves  depend  indirectly  upon  green 
plants  for  food. 


Green  plants  need  energy  from  the 
sun  to  produce  the  plant  material 
which  animals  use  as  food.  So  when 
we  think  of  a community,  we  must 
think  of  the  sun  as  well  as  of  the 
plants  and  animals. 

Plants  also  need  certain  other  ma- 
terials found  in  a community.  These 
materials  are  called  chemicals.  Two 
of  the  most  important  of  these 
chemicals  are  used  by  plants  in  food- 
making. You  know  these  chemicals 
as  water  and  carbon  dioxide. 


Many  other  chemicals  are  used  by 
the  plants  and  animals  in  a commu- 
nity. One  of  these  chemicals  is 
oxygen.  Without  a continual  supply 
of  oxygen  no  animal  would  be  able 
to  live. 

Chemicals  are  a very  important 
part  of  any  community,  but  a com- 
munity depends  upon  all  its  parts. 
Most  communities  consist  of  plants, 
animals,  chemicals,  and  energy  from 
the  sun. 

Energy  and  the  Community 

Energy  from  the  sun  becomes  a 
real  part  of  the  community.  It  can- 
not be  separated  from  the  commu- 
nity without  disturbing  the  commu- 
nity balance. 

Most  of  the  energy  reaching  our 
earth  and  aU  its  many  communities 
comes  as  hght  energy.  Once  it 


reaches  the  community,  some  of  it 
is  actually  used  as  light  energy.  But 
most  of  it  is  changed  into  heat 
energy. 

Only  a small  portion  of  the  light 
absorbed  by  plants  is  used  in  food- 
making. It  is  changed  by  plants  to 
chemical  energy.  The  rest  is  changed 
into  heat  energy  and  is  given  off  to 
the  air,  land,  and  water  of  the 
community. 

Animals  eat  plants  as  food,  and 
much  of  the  chemical  energy  in  the 
plants  is  then  changed  to  heat  en- 
ergy. You  might  think  of  this  proc- 
ess as  somewhat  like  a ' 'chain”  of 
energy.  This  chain  of  energy  ex- 
tends from  sun,  to  plant,  to  animal. 
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die  and  some  hibernate  as  the  energy 
supply  is  decreased.  Insects  are 
cold-blooded  animals.  Most  of  the 
plants  go  into  a resting  stage  and  do 
not  produce  food  during  the  winter. 

During  the  time  of  decreased  en- 
ergy supply  the  foxes  must  find 
ways  of  keeping  themselves  alive. 
They  move  out  onto  the  frozen  sea. 
On  the  ice  they  search  for  the  dead 
bodies  of  seals,  which  are  the  re- 
mains of  the  unfinished  meals  of 
polar  bears. 

The  ways  in  which  plants  and 
animals  live  are  changed  by  changes 
in  energy.  The  growth  of  plants  is 
affected,  and  any  changes  in  plant 
growth  affect  the  food  supply  of 
animals.  There  is  a constant  change 
in  the  life  of  a community  as  its 
energy  supply  increases  or  decreases. 


At  each  point  in  the  chain  most  of 
the  energy  is  changed  into  heat.  Iii 
this  way  light  becomes  a part  of  the 
community.  Without  this  energy 
there  could  be  no  life. 

Changes  in  the  energy  supply  of  a 
community  affect  the  whole  commu- 
nity. On  the  island  of  Spitzbergen, 
off  the  coast  of  Norway,  foxes  are 
able  to  feed  on  birds,  insects,  and 
plants  during  summer.  Summer  is  a 
time  of  plentiful  energy  supply  in 
the  community. 

But  as  winter  approaches,  there 
is  a decrease  in  the  energy  supply  of 
the  community,  and  most  of  the 
birds  begin  to  leave.  Some  insects 
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Temperature  and  the  Community 

You  might  think  that  the  energy 
supply  of  a community  depends  only 
on  the  amount  of  energy  which 
reaches  it  from  the  sun.  But  the 
energy  supply  also  depends  on  the 
community  as  well. 

Here  is  an  experiment  which  will 
show  that  the  community  affects  its 
own  energy  supply:  You  will  need 
two  boxes,  a large  pail,  and  three 
outdoor  thermometers.  Fill  one  box 
with  sand.  Place  soil  covered  with 
grass  in  the  other  and  fill  the  pail 
with  water.  Place  a thermometer  in 
each  of  the  containers,  just  as  you 
see  in  the  picture.  In  each  case  the 
top  of  the  thermometer  bulb  should 
be  at  least  ^ inch  below  the  surface. 

On  a day  when  the  temperature  of 
the  air  is  well  above  freezing,  place 


the  three  containers  outside.  They 
should  be  placed  so  that  they  will 
be  exposed  to  the  sun  during  the 
day.  It  will  help  to  have  them  be- 
side each  other  so  that  they  receive 
the  same  amount  of  sunlight. 

Leave  the  containers  overnight. 
As  early  as  possible  in  the  morning 
take  a reading  for  each  thermometer. 
Continue  to  record  the  temperature 
of  the  sand,  soil  covered  with  grass, 
and  water  every  hour  throughout 
the  day. 

When  your  record  is  complete, 
compare  the  temperatures.  Does  the 
temperatuie  for  each  container  stay 
the  same  as  when  you  took  your  first 
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reading?  Compare  the  differences  in 
the  way  the  three  areas  heated  up 
during  the  day. 

You  probably  will  find  that  the 
sandy  area  heated  up  much  faster 
than  the  grassy  or  the  water  area. 
Your  record  will  probably  also  show 
that  the  sandy  area  was  heated  to  a 
much  higher  temperature  than  either 
of  the  other  two.  Does  the  water 
heat  up  more  slowly  than  the  other 
two  areas? 

Again  allow  the  containers  to  re- 
main in  the  same  position  overnight. 
Repeat  the  experiment.  Which  con- 
tainer is  at  the  lowest  temperature 
in  the  morning?  Which  container 
goes  through  the  greatest  tempera- 
ture change  during  the  day?  Which 
changes  the  least? 


In  all  three  cases  there  is  a tem- 
perature change  during  the  day.  The 
sand,  the  soil  with  plants,  and  the 
water  all  heat  up.  Light  energy  be- 
comes a part  of  each  community  by 
being  changed  to  heat  energy.  The 
results  of  the  experiment  seem  to 
show,  however,  that  temperature 
changes  less  in  water  than  on  land. 
When  soil  has  some  kind  of  plant 
life,  it  does  not  heat  up  as  fast  as 
when  it  is  barren. 

This  means  that  if  the  community 
is  a sandy  desert,  we  can  expect 
great  changes  in  temperature  during 
the  day.  There  will  also  be  a great 
difference  between  day  and  night 
temperatures.  On  the  other  hand. 


Communities  affect  their 
own  energy  supply 


water  communities  will  be  slow  to 
warm  up  and  slow  to  cool  off.  The 
soil  community  with  plant  cover  will 
not  lose  its  heat  as  fast  as  bare  soil. 

Water  and  the  Community 

In  some  parts  of  the  United  States 
and  Canada  you  will  find  forests  as 
the  plant  cover  for  the  land.  The 
eastern  part  of  North  America  is  an 
ideal  location  for  the  growth  of 
broad-leaved  forests.  When  the  rain- 
fall is  evenly  distributed,  there  is 
always  a good  supply  of  water  for 
the  trees.  Such  forests  can  be  found 
in  the  Appalachian  Mountains  in 
the  eastern  part  of  the  United  States. 
They  can  be  found  in  Wisconsin, 
Minnesota  and  southeastern  Canada 
as  well. 


In  the  prairie  regions  you  will  find 
tall,  bluestem  grass.  The  change  in 
plant  covering  from  trees  to  grass  is 
brought  about  by  a decrease  in  rain- 
fall. The  grass  grows  where  there 
is  not  enough  water  for  tree  growth. 
In  areas  where  the  rainfall  is  even 
less  there  may  be  only  enough  water 
to  allow  short  grasses  to  grow. 

The  kind  of  plant  cover  we  find 
growing  on  soil  depends  partly  on 
the  amount  of  water  available  for 
the  plants.  The  amount  of  water 
also  affects  the  kinds  of  animals 
living  in  the  community.  Different 
kinds  of  plant  communities  attract 
different  kinds  of  animals.  Animals 
that  live  in  the  forests  are  not  the 
same  as  those  that  live  on  the 
grasslands. 
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Water  in  the  Air 

The  water  that  falls  on  the  earth 
as  rain,  snow,  sleet,  or  hail  is  called 
precipitation.  The  map  on  this  page 
will  help  you  understand  how  the 
amount  of  precipitation  a region  re- 
ceives depends  on  its  location.  This 
in  turn  affects  the  communities  in 
the  region. 

Winds  blow  off  the  Pacific  Ocean 
toward  the  west  coast.  The  winds 


pick  up  a great  deal  of  moisture  as 
they  move  across  the  ocean  toward 
the  land.  They  sweep  across  the 
land  and  are  forced  up  and  over  the 
Sierra  Nevada-Cascade  Mountain 
Range.  As  the  air  is  forced  up,  it 
begins  to  cool.  The  cooler  it  be- 
comes, the  less  moisture  it  can  hold. 
Most  of  the  moisture  in  the  air  is 
dropped  as  rain  or  snow  on  the 
ocean  side  of  the  mountains. 


Y ou  might  try  an  experiment  which 
may  help  you  to  understand  why  this 
happens.  You  will  need  two  water 
glasses.  Containers  made  of  alumi- 
num work  very  well,  but  any  kind 
of  drinking  glass  will  do.  Make  sure 
the  glasses  are  dry  inside  and  out. 
Then  pour  hot  water  into  one  and 
fill  the  other  with  ice.  As  you  fill 
the  glasses,  be  very  careful  not  to 
allow  them  to  become  wet  on  the 
outside. 

Observe  the  outside  of  each  glass. 
In  a few  minutes  you  will  notice  that 
the  outside  of  one  has  become  very 
wet,  although  the  other  is  still  dry. 

The  air  in  the  room  surrounds 
both  glasses.  One  glass  is  hot  and 
the  other  is  cold.  The  air  is  warmed 
as  it  comes  in  contact  with  the  hot 
glass,  but  it  is  cooled  by  the  other. 


The  water  forms  on  the  outside  of 
the  glass  which  has  the  ice  in  it.  As 
the  air  in  the  room  is  cooled,  it  gives 
up  its  moisture.  This  is  because  cool 
air  can  hold  less  moisture  than  warm 
air.  It  is  for  this  same  reason  that 
the  air  on  the  ocean  side  of  the 
mountains  drops  its  water  as  rain  or 
snow.  As  the  air  is  forced  up  the 
mountains,  it  becomes  cooled  and 
cannot  hold  as  much  water  as  it  did 
when  it  was  warmer. 


Very  little  rain  falls  in  the  region 
to  the  east  of  the  mountains  along 
the  Pacific  coast.  When  the  air 
finally  gets  over  the  mountains,  it  is 
very  dry.  As  it  passes  over  the  land 
just  beyond  the  mountains,  the  air 
contains  little  moisture.  If  you  look 
at  the  map  on  the  opposite  page, 
you  will  notice  that  this  part  of  our 
country  is  a very  dry  region. 

Communities  of  plants  and  ani- 
mals that  live  well  where  there  is  an 
abundant  supply  of  water  are  found 
on  the  ocean  side  of  these  moun- 
tains. On  the  dry  side  of  the  moun- 
tains the  natural  communities  of 
plants  and  animals  must  be  those 
that  can  get  along  with  much  less 
water.  The  two  groups  of  communi- 
ties are  very  different. 

Rain  and  Other  Regions 

The  Great  Plains  extend  from 
Mexico  into  Canada.  This  region 
is  one  of  high  plains,  which  are  from 
3000  to  more  than  4000  feet  above 
sea  level.  Much  of  the  air  that 
moves  across  this  region  comes  from 
the  dry  land  of  Mexico.  As  it  moves 
north  over  the  Great  Plains,  it  is 
warm  and  dry.  It  may  rise  and  be 
cooled  as  it  travels  across  the  plains, 
but  it  contains  so  little  water  that 


not  much  rain  falls.  Most  years  are 
dry,  and  rain  may  not  fall  on  more 
than  120  days  in  a year.  It  is  often 
so  dry  that  irrigation  is  needed  to 
provide  water  for  crops. 

At  times  moist  air  does  travel  over 
the  Great  Plains,  and  when  the  air 
is  cooled,  much  rain  may  fall.  The 
rain  that  falls  on  one  day  may  be 
more  than  a third  of  the  rainfall  of 
the  whole  year. 

The  natural  plants  of  the  Great 
Plains  area  are  short  grasses  such 
as  buffalo  grass.  This  grass  can 
stand  the  long  periods  during  which 
there  is  no  rainfall.  Herds  of  buffalo 
were  able  to  live  on  this  short,  tough 
grass.  If  proper  care  is  taken,  cattle 
can  profitably  graze  on  this  land. 

The  prairie  region  lies  in  the  heart 
of  the  continent.  Warm,  moist  air 
from  the  Gulf  of  Mexico  moves  up 
over  this  area.  When  the  air  be- 
comes cooled,  it  loses  its  moisture. 
Since  rainfall  is  usually  heaviest  here 
in  June,  cereal  crops  grow  well  in 
this  region.  There  is  usually  plenty 
of  water  for  the  plants  when  they 
need  it  for  growth. 

Look  at  the  map.  Can  you  sug- 
gest a reason  why  rain  falls  on  the 
eastern  part  of  the  country?  Warm 
air  filled  with  moisture  from  the 


154 


155 


Atlantic  ocean  often  moves  across 
the  land.  As  it  travels  northwest- 
ward, it  may  meet  dry,  cold  air  which 
is  moving  into  the  eastern  region 
from  the  north.  The  warm,  moist  air 
will  be  forced  up  over  the  cold  air 
and  will  be  cooled  at  the  same  time. 
As  the  air  becomes  cooled,  the  mois- 
ture it  carries  will  fall  as  rain  or 
snow. 

Rainfall  is  plentiful  in  the  eastern 
region.  This  rainfall  allows  for  a 
great  variety  of  plant  and  animal  life. 

The  communities  of  plants  and 
animals  found  in  each  region  are 


very  different  from  those  found  in 
other  regions.  Rainfall  is  one  of  the 
most  important  reasons  for  this  dif- 
ference. The  rainfall  in  turn  de- 
pends on  the  kind  of  air  moving 
through  the  region.  And  we  have 
seen  that  the  movement  of  air  de- 
pends on  the  location  of  the  region. 
As  you  stop  to  think,  you  can  also 
remember  how  temperature  and 
energy  affect  the  community.  Yes, 
each  of  these  things  plays  an  im- 
portant, necessary  part  in  determin- 
ing what  the  community  of  plants 
and  animals  will  be  like. 


Studying  a 

You  might  plan  to  visit  and  study 
some  small  communities.  Through- 
out the  continent  one  of  the  most 
interesting  and  common  communi- 
ties is  the  kind  that  is  found  in  a 
pond.  A pond  is  a very  small  body 
of  water  and  can  be  found  in  most 
regions. 

In  Shallow  Water 

The  easiest  part  of  a pond  to 
study  is  the  shallow- water  area  close 
to  the  shore.  This  part  of  a pond  is 
usually  shallow  enough  for  light  en- 
ergy to  reach  to  the  bottom.  You 
will  probably  find  many  plants  with 


Community 

their  tops  above  water  and  their 
roots  in  the  soil  at  the  bottom  of  the 
pond.  In  this  way  the  plants  are 
able  to  obtain  carbon  dioxide  from 
the  air  above  the  pond.  Water  is 
taken  up  through  their  roots.  As 
light  energy  falls  on  the  plants, 
they  are  able  to  manufacture  food. 

Cattails,  bulrushes,  arrowheads, 
reeds,  spike  rushes,  and  pickerel 
weeds  might  be  found  in  this  part  of 
a pond.  You  may  also  see  some 
floating  green  plants  such  as  duck- 
weeds. These  plants  are  not  rooted 
and  at  times  may  cover  the  whole 
pond. 
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On  many  ponds  there  is  a green 
scum  floating  on  the  water.  This 
really  consists  of  green  plants  called 
algae.  If  you  examine  the  scum,  you 
will  see  that  it  seems  to  be  made  of 
many  tiny,  green  threads.  Algae 
may  often  be  found  growing  on 
rocks  and  sticks  under  the  water. 

In  some  parts  of  a pond  you 
may  see  lily  pads.  They  are  to  be 
found  in  fairly  shallow  water.  The 
roots  of  the  lilies  are  in  the  soil  at 
the  bottom  of  the  pond.  On  the  un- 
dersurface of  a lily  pad  you  may 


find  water  snails.  Most  snails  feed 
directly  on  the  plants  and  may  be 
found  crawling  along  on  some  of  the 
underwater  stems.  You  may  find 
other  animals  attached  to  the  stems 
and  leaves  of  plants,  too. 

In  Deeper  Water 

Farther  out  in  a pond  you  may 
find  many  plants  which  are  com- 
pletely under  water.  Most  of  these 
underwater  plants  will  have  thin, 
finely  divided  leaves.  Pondweed  is 
the  name  given  to  some  of  the  most 
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common  of  these  plants.  Other 
plants,  such  as  coontail,  water  mil- 
foils, waterweed,  naiada,  and  wild 
celery,  can  also  be  found  in  some 
ponds.  These  plants  are  able  to 
manufacture  plant  food  because  the 
water  where  they  grow  is  still  shal- 
low enough  for  light  energy  to  reach 
them. 

Many  animals  may  live  in  a pond 
as  important  members  of  the  com- 
munity. Some  of  the  most  common 
are  frogs,  toads,  salamanders,  turtles, 
and  water  snakes.  Most  water  snakes 


are  not  harmful,  but  one  should  al- 
ways be  careful. 

Tiny  fish,  called  top  minnows,  are 
usually  plentiful  among  the  plants 
in  most  ponds.  Catfish,  bass,  and 
pike  may  also  be  present.  On  the 
surface  of  a pond,  animals  such  as 
whirligig  beetles  and  water  striders 
may  be  seen. 

This  is  not  the  end  of  the  story. 
Many  other  plants  and  animals  make 
up  a pond  community.  There  is  a 
great  variety  of  life  and  activity  in 
a pond. 
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Communities  Change 

At  times  the  life  in  a pond  may 
change  greatly.  Sometimes  the 
changes  may  be  brought  about  by 
things  outside  a pond  community. 
Soil  may  be  washed  into  the  water 
from  the  surrounding  land  and  fill 
a pond.  Changes  may  also  be 
brought  about  by  great  growth  in 
the  plant  life  of  a pond.  This 
would  also  start  to  fill  a pond.  The 
community  would  gradually  change 


from  a pond  community  to  one 
which  could  live  in  a swampy  area. 
In  some  regions  of  the  country 
changes  in  a pond  may  be  brought 
about  by  a long  period  of  drought. 
A pond  may  just  dry  up. 

A pond  may  gradually  change 
from  a water  community  to  a land 
community.  As  these  changes  occur, 
new  balances  between  plant  and  ani- 
mal life  in  the  community  come 
about.  This  means  that  the  kinds 
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of  plants  and  the  kinds  of  animals 
gradually  change  until  there  is  a 
whole  new  community.  You  may 


know  of  some  pond  that  has  been 
gradually  changed  in  this  way  during 
your  lifetime. 


Man  Affects  Communities 


In  going  about  his  business  of  liv- 
ing, man  has  greatly  affected  the 
natural  communities  of  plants  and 
animals  which  surround  him.  At 
times  he  has  disturbed  the  balance 
so  much  that  certain  plants  and  ani- 
mals could  no  longer  continue  to  live 
as  part  of  the  community. 

As  man  moved  into  the  Middle 
West,  he  plowed  up  the  grasslands 
and  planted  grain  fields.  This  was 
a very  necessary  step  forward  on 
the  part  of  man.  But  as  he  did 
this,  he  disturbed  the  balance  that 
had  existed. 


The  prairie  region  was  originally 
covered  with  grass  and  wild  flowers 
such  as  spiderworts,  shooting  stars, 
and  violets.  Some  of  the  grass  grew 
from  3 to  10  feet  high.  The  large 
communities  of  prairie  chickens 
which  originally  lived  here  were  not 
able  to  survive  when  the  grassland 
area  was  decreased.  A grain-field 
community  gradually  replaced  the 
grassland  community.  Over  the 
years  man  has  introduced  pheasants 
as  part  of  the  grain-field  community. 

Man  has  created  a favorable  bal- 
ance for  certain  animals  in  other 
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ways  too.  The  horned  lark  is  a bird 
that  originally  nested  only  in  the 
grassland,  tundra,  and  desert  regions 
of  central  and  western  North  Amer- 
ica. Man  has  helped  this  bird. 

When  men  from  Europe  first  set- 
tled on  the  eastern  shore  of  North 
America,  a vast  woodland  covered 
the  area.  Gradually  the  woodland 
was  cleared.  Pastures,  cultivated 
fields,  and  finally  airports  were  es- 
tablished in  place  of  the  forests. 
Man  had  really  set  up  grassland 
communities  in  the  east.  This  es- 
tablished in  the  east  a plant  balance 
that  was  favorable  to  the  horned 
lark.  And  so  the  lark  spread  east- 
ward. It  can  now  be  found  as  far 
east  as  New  York  and  Georgia. 


Any  change  man  makes  in  a com- 
munity will  have  an  effect  on  its 
appearance  and  make-up.  When 
man  makes  changes  in  the  commu- 
nity balance,  he  must  be  sure  that 
they  will  be  to  his  advantage.  If 
not,  he  may  regret  them. 

Man  has  put  his  understanding  of 
community  balance  to  work  for  him 
in  many  ways.  He  has  come  to 
realize  that  it  is  probably  the  only 
effective  way  of  controlling  the  com- 
munities of  plants  and  animals 
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which  surround  him.  There  is  much 
to  learn.  Probably  the  most  im- 
portant thing  man  has  learned  is 


that  he  must  be  very  careful.  A 
change  of  any  kind  may  have  far- 
reaching  effects. 


LEARNING  MORE 


1.  As  the  seasons  change  from 
summer  to  autumn  to  winter,  there 
is  a decrease  in  the  amount  of  energy 
reaching  a community.  Describe 
some  of  the  changes  in  communities 
of  plants  and  animals  as  energy 
changes  take  place. 

2.  Mark  out  a 12-inch  square  on 
a section  of  soil.  You  might  think 
of  this  as  a little  community.  What 
kinds  of  plants  do  you  find  growing? 
Do  you  see  any  animals? 

Dig  down  into  the  soil  about  10 
or  12  inches.  If  you  are  careful,  you 
will  find  many  things  such  as  roots  of 
plants,  earthworms,  and  many  other 
animals.  Keep  a record  of  the  kinds 
and  numbers  of  plants  and  animals 
that  you  find  in  this  section  of  soil. 

You  might  do  the  same  for  little 
sections  of  soil  in  different  places. 
Compare  your  records  when  you 
have  completed  your  observations. 
In  what  ways  do  the  communities 
of  plants  and  animals  differ? 

3.  You  might  look  in  the  news- 
paper and  listen  to  the  daily  weather 


forecasts  for  news  of  the  air  move- 
ments over  North  America.  How 
much  rainfall  is  there  in  the  different 
regions?  Keep  a record  of  the  air 
movements  and  rainfall  for  a week, 
a month,  or  longer.  What  effect  do 
you  think  these  air  movements  and 
rainfall  are  having  on  communities 
of  plants  and  animals? 

4.  Observe  some  of  the  animals  in 
your  community.  What  do  they 
use  for  food?  You  will  probably  find 
that  some  of  the  animals  do  not  eat 
plants  for  food,  but  they  still  depend 
on  plants.  List  some  of  the  ways 
these  animals  depend  on  plants. 

5.  Examine  a fallen  log  which  has 
begun  to  rot.  You  will  probably 
find  mosses,  ferns,  and  mushrooms 
growing  around  and  under  the  log. 
When  you  break  off  a piece  of  the 
log,  you  may  even  find  an  ant  nest 
in  it.  What  other  plants  and  ani- 
mals can  you  find  in  and  around  the 
log?  Do  you  think  the  log  forms  a 
little  community?  What  reason  can 
you  give  for  your  answer? 
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Using  Water,  Soil,  and  Forests 

Wisely 


How  Can  Floods  Be  Prevented? 


'^Mud-rock  Floods  Wreck  Town — Destroy  Life  and 
Property.”  Such  was  a headline  some  years  ago  in  a 
newspaper  of  a city  in  the  western  part  of  the  United 
States.  The  flooded  town  nestles  at  the  foot  of  high 
mountains. 

The  storm  started  in  the  mountains  on  a hot,  sultry 
day  in  mid-summer.  Rain  fell  rapidly  for  several  hours. 
As  water  rushed  down  the  mountainsides,  rocks  and  mud, 
gravel  and  boulders  were  carried  with  it. 

Homes  and  business  houses  were  crushed  or  filled  with 
mud.  Highways  and  railroads  were  ripped  up.  Gravel, 
mud,  and  rocks  covered  orchards  and  farm  lands,  and 
destroyed  crops.  Irrigation  ditches  and  canals  were 
buried  or  washed  out.  Thousands  of  dollars’  worth  of 
damage  was  done.  Floods  had  occurred  before,  but  none 
of  them  had  been  quite  so  destructive. 

The  people  in  the  community  were  determined  that 
the  floods  must  stop.  So  they  asked  a group  of  scientists 
to  find  out  how  to  prevent  the  same  thing  happening 
again.  The  picture  on  these  pages  shows  this  region 
after  the  floods  had  been  controlled. 
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Rain  on  a steep,  bare  slope 


The  Slope  of  the  Land 

Scientists  studying  these  disas- 
trous floods  found  that  the  flood 
waters  came  from  the  top  of  moun- 
tains behind  the  town.  They  said 
that  the  steep  slope  of  the  land  had 
much  to  do  with  causing  the  floods. 

We  know  that  the  slope  of  the  land 
partly  determines  what  happens  to 
rain  water.  When  rain  falls  on  a 
steep,  bare  slope,  much  of  the  water 
will  run  off,  and  it  will  carry  part  of 
the  soil  with  it. 

Scientists  know  that  the  plants 
growing  in  an  area  also  have  a great 
deal  to  do  with  what  happens  to 
rain  and  melting  snow. 


Rain  on  a gentle  slope 


Plants  hold  back  falling  water. 
They  allow  it  to  soak  slowly  into  the 
soil.  When  there  are  no  plants,  the 
water  runs  off  quickly. 

Think  how  much  water  would  run 
off  slopes  that  have  little  grass  or 
other  plants  growing  on  them.  There 
would  be  nothing  to  hold  it  back. 
The  swiftly  moving  water  would 
rush  down  the  slopes  carrying  soil 
with  it,  and  it  might  cause  floods  on 
the  land  below.  When  this  happens, 
water  is  harmful. 

When  there  are  plants  covering 
the  ground,  some  of  the  water  sinks 
into  the  ground.  The  rest  of  it 
gradually  flows  into  streams  and 
lakes.  Then  we  have  a supply  of 
water  that  is  useful. 
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A Look  at  the  Soil 

The  soil  on  the  mountaintops  from 
which  the  floods  had  come  had  little 
plant  life  growing  in  it.  The  soil 
did  not  contain  much  moisture.  In 
fact,  its  surface  was  hard. 

There  were  patches  of  dead  and 
dying  plants  which  at  one  time  had 
been  growing  in  good  soil.  Some  of 
the  shrubs  were  blackened  by  Are. 
There  was  no  grass.  These  were 
signs  that  the  land  on  these  moun- 
tains had  not  been  used  wisely.  The 
soil  had  been  abused. 

What  caused  this  to  happen?  The 
owners  of  the  land  had  brought 
too  many  sheep  to  feed  in  this  area. 
The  sheep  ate  the  grasses  almost 
to  the  roots.  So  the  grass  plants 
had  a difficult  time  to  grow  new 
leaves.  The  soil  had  become  hard- 


ened by  the  trampling  feet  of  so 
many  animals. 

Then  the  land  owners  had  set 
fires  to  burn  the  thick  brush  that 
covered  parts  of  the  mountaintops. 
By  doing  this,  they  hoped  to  make 
room  for  new  grass  to  grow.  In- 
stead, the  fires  destroyed  most  of 
the  plants  which  covered  the  soil. 

As  a result  of  these  abuses  there 
was  nothing  to  hold  the  rain  as  it 
fell.  Water  rushed  down  from  the 
hard,  bare  slopes,  carrying  mud  and 
rocks  with  it.  It  did  not  take  a 
heavy  rainfall  to  cause  a flood  in 
the  valley  below. 
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The  water  cannot  run  down  the 
mountainsides,  causing  floods.  The 
trenches  hold  back  the  water  and 
allow  it  to  soak  into  the  soil. 

Between  the  trenches  a mixture 
of  different  kinds  of  grass  seed  was 
planted.  The  moisture  in  the  soil 
helped  the  plants  to  grow  quickly. 
Soon  the  plants  began  to  cover  the 
mountain  slopes. 

Today  the  people  who  live  in  the 
town  below  these  mountains  do  not 
have  to  worry  that  their  crops  and 
homes  may  be  destroyed  by  mud- 
and-rock  floods. 


Contour  trenches 


The  People  Take  Action 

After  the  causes  of  the  floods  were 
known,  sometliing  needed  to  be  done. 
The  people  decided  that  no  animals 
would  be  allowed  to  graze  on  the 
mountains,  and  no  fires  could  be 
built.  They  made  plans  to  change 
the  slope  of  the  land  and  to  plant 
grasses  on  the  bare  spots. 

To  accomplish  this,  huge  ditches 
were  dug,  curving  across  the  slopes 
of  the  mountains.  They  were  dug 
about  25  feet  apart  and  they  covered 
more  than  1000  acres  of  the  moun- 
tain slopes. 

These  ditches,  dug  by  machines, 
are  called  contour  trenches.  Con- 
tour trenches  catch  and  hold  the 
water  from  rain  and  melting  snow. 
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Look  around  Your  Community 

You  have  been  reading  the  story 
of  a community  that  learned  what 
happens  v/hen  land  is  overgrazed 
and  plants  are  destroyed  by  fire.  It 
is  also  a story  of  what  can  be  done 
to  restore  land,  so  that  it  again 
produces  plant  life  and  prevents 
floods: 

Think  about  your  own  commu- 
nity. Do  you  see  steep  hillsides 
covered  with  so  few  plants  that 
rain  or  water  from  melting  snow 
rushes  down  the  slopes?  Is  soil 
being  washed  away?  Perhaps  there 
are  areas  where  fires  have  destroyed 
trees  and  grass  and  other  plants. 


If  these  are  some  of  the  things  you 
observe  where  you  live,  then  the 
land  is  being  abused.  In  some  places 
water  may  have  cut  into  the  soil 
forming  deep  gullies.  When  rain 
falls  or  snow  melts,  the  water  rushes 
down  gullies  making  them  deeper 
and  carrying  away  the  soil. 

One  way  to  prevent  water  from 
rushing  down  a gully  is  to  build  a 
check  dam.  The  picture  below  shows 
one  kind  of  check  dam.  You  can 
see  the  straw  and  brush  held  in  place 
by  fence  wire  stretched  across  the 
gully.  This  kind  of  check  dam  will 
catch  and  hold  much  of  the  soil  in 
small  gullies. 


Roots  of 


In  addition  to  building  check 
dams,  it  is  possible  to  plant  different 
kinds  of  grasses,  shrubs,  or  trees  in 
such  gullies.  The  kinds  of  plants 
depend  on  which  grow  best  in  the 
area.  However,  it  takes  a long  time 
to  build  up  the  soil.  It  is  difficult  to 
start  any  kinds  of  plants  growing 
again  when  land  has  been  abused 
and  soil  has  washed  away. 


Perhaps  bare  slopes  in  your  com- 
munity have  been  reseeded  to  vari- 
ous kinds  of  grasses  and  other  suit- 
able plants.  Sometimes  bare  slopes 
are  planted  with  a kind  of  grass  that 
has  long,  slender  roots.  These  roots 
grow  out  in  all  directions.  They  hold 
the  soil  and  prevent  it  from  washing 
away.  This  is  one  way  in  which 
water  and  soil  can  be  wisely  used. 


Using  Water  Wisely 


It  is  fortunate  for  us  that  there  is 
so  much  water  on  our  earth,  because 
we  use  a great  amount  of  it.  What 
are  some  of  the  ways  in  which  we 
use  water? 

It  takes  a great  deal  of  water  to 
grow  our  food.  To  raise  a stalk  of 


corn  requires  about  a barrel  of  water. 
It  takes  more  than  1000  gallons  of 
water  to  grow  a bushel  of  corn. 
To  raise  an  acre  of  corn  requires 
thousands  and  thousands  of  gallons 
of  water.  The  plants  must  get  this 
water  from  the  surrounding  soil. 


The  animals  that  provide  us  with 
food  need  even  more  water  than 
plants  do.  Animals  drink  a great 
amount  of  water  each  day.  A milk 
cow  may  drink  as  much  as  25  gallons 
a day.  Animals  also  eat  plants  that 
use  water.  It  takes  almost  100  gal- 
lons of  water  to  raise  every  pound 
of  hay  a cow  eats. 

In  our  factories  we  use  a great  deal 
of  water.  A paper  mill  uses  millions 
of  gallons  of  water  every  day  to 
make  the  wood  pulp  from  which 
paper  is  made.  Cotton  mills  use 
many  gallons  of  water  in  washing 
the  cotton  that  is  woven  into  cloth. 


A steel  mill  needs  gallons  and  gallons 
of  water  each  day.  Many  other 
kinds  of  factories  also  need  water  in 
making  the  things  they  produce. 
You  might  find  out  what  some  of  the 
biggest  uses  of  water  are  in  your 
community. 

Since  we  use  such  great  amounts 
of  water,  we  can  understand  why 
water  is  so  very  important  to  us. 
We  each  need  about  100  gallons  of 
water  a day  to  keep  our  bodies  clean 
and  healthy.  In  fact,  we  know  that 
we  could  not  live  without  water. 
Where  do  we  get  all  the  water  that 
we  need? 


Where  Water  Comes  From 

We  know  that  large  oceans  cover 
our  earth.  We  also  know  that  ocean 
water  is  salty,  and  in  order  to  use  it, 
we  must  remove  the  salt.  At  pres- 
ent it  costs  too  much  to  remove  salt 
from  water  by  any  method  we  know 
about.  So  our  best  sources  of  water 
are  rain  and  snow. 

When  rain  and  snow  fall  on  the 
earth,  any  one  of  these  three  things 
may  happen: 

1.  Some  of  the  water  from  rain  and 
melting  snow  may  go  back  into  the 
air.  The  water  evaporates  from  the 
ground  and  plants. 

2.  Some  water  may  run  off  the 
place  where  it  falls  and  flow  into 
lakes,  rivers,  and  oceans. 


3.  Some  water  may  sink  into  the 
ground.  This  is  the  water  that  fills 
our  wells.  Some  of  it  flows  beneath 
the  ground  into  nearby  lakes  and 
reservoirs. 

Just  what  happens  to  rain  water 
depends  on  several  things.  If  a light 
rain  falls  on  a forest  or  on  grassland, 
most  of  the  water  will  soak  into  the 
soil.  But  if  a heavy  rain  falls  on  this 
same  land,  some  of  the  water  will 
run  off  into  nearby  streams.  It  can- 
not soak  into  the  soil  fast  enough. 
The  heaviness  of  the  rainfall  is  one 
thing  that  determines  what  happens 
to  water. 

You  can  see  what  happens  when  a 
heavy  and  light  rain  fall  on  a grassy 
spot.  First,  get  permission  to  use 
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two  grassy  spots  on  the  school 
grounds  or  in  your  neighborhood. 
You  will  also  need  a watering  pot 
and  a pail  of  water. 

With  the  watering  pot  sprinkle 
water  on  one  grassy  spot.  Notice 
that  drops  of  water  collect  on  and 
around  the  grass  blades.  The  water 
gradually  soaks  into  the  ground. 
This  is  what  happens  when  a light 
rain  falls  on  a forest  or  on  grassland. 

Now  pour  the  pail  of  water  on  the 
second  grassy  spot.  Observe  that 
some  of  the  water  soaks  into  the 
soil,  but  much  of  it  runs  off  in  all 
directions.  You  may  even  see  some 
of  the  soil  washed  away  around  the 
blades  of  grass.  From  this  demon- 
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stration  you  can  understand  what  a 
heavy  rain  might  do. 

Not  all  parts  of  the  country  re- 
ceive the  same  amount  of  moisture 
each  year.  You  might  like  to  look 
again  at  the  map  on  page  152.  You 
can  see  from  this  that  the  average 
amount  of  precipitation  each  year  in 
the  United  States  and  Canada  varies 
from  10  inches  to  over  80  inches. 

In  some  places  farmers  can  count 
on  enough  rain  falling  on  their  fields 
each  year  for  them  to  raise  their 
crops.  But  in  other  places  farmers 
must  depend  on  additional  water 
from  wells  or  springs  or  reservoirs. 
All  this  water  was  also  once  rain  or 
melted  snow.  To  be  of  use,  it  may 
have  to  be  piped  or  carried  by 
streams  many  miles  from  the  place 
where  it  originally  fell. 
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Building  Dams  for  Many  Uses 

One  of  the  largest  reservoirs  in  the 
United  States  is  Lake  Mead,  a man- 
made lake.  In  the  picture  you  can 
see  the  huge  dam  holding  back  the 
water  in  Lake  Mead.  This  is  Hoover 
Dam  in  Arizona,  built  on  the  Colo- 
rado River. 

The  water  stored  in  Lake  Mead 
comes  from  the  rain  and  snow  that 
falls  on  lands  along  the  Colorado 
River  and  its  tributaries.  Some  of 
the  water  stored  in  Lake  Mead  is 
used  by  farmers  to  irrigate  their 
crops. 

The  water  that  flows  from  this 
lake  down  into  the  canyon  of  the 
Colorado  River  produces  a great  deal 
of  energy.  If  you  should  visit  Hoover 
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Dam,  you  would  see  huge  machines 
called  generators  that  use  the  energy 
of  the  falling  water  to  make  electric- 
ity. This  electricity  is  used  by  many 
people  who  live  in  Arizona,  Nevada, 
and  Southern  California. 

Below  Hoover  Dam  there  is  a sys- 
tem of  other  dams.  The  map  on  the 
next  page  shows  you  some  of  the 
smaller  dams  built  along  the  lower 
part  of  the  Colorado  and  on  some  of 
the  streams  that  flow  into  it.  Some 
of  these  smaller  dams  are  used  to 
store  water  for  irrigating  crops. 
They  produce  electricity  too. 

These  smaller  dams  also  are  used 
to  prevent  land  from  being  flooded 
in  the  spring.  At  this  time  of  year 
rain  and  water  from  melting  snow 
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may  rush  off  mountain  slopes  into 
streams.  The  streams  become  swol- 
len and  might  flood  over  the  land  if 
there  were  no  way  to  control  the  flow 
of  the  water.  The  dams  hold  back 
some  of  the  water  and  prevent  floods. 

Dams  have  still  other  uses.  In 
many  parts  of  the  United  States  and 
Canada  farmers  build  small  dams 
across  streams  on  their  land  to  make 
ponds.  The  water  stored  in  the 
ponds  may  be  used  for  cattle  and 
other  farm  animals  to  drink.  It  may 
also  be  used  for  irrigating  crops. 


Many  farmers  stock  their  ponds 
with  fish.  The  fish  provide  food  for 
the  people  living  on  the  farms,  as 
well  as  sport  for  those  who  like  to 
fish.  Ponds  also  provide  places  for 
swimming  and,  in  cold  parts  of  the 
country,  for  ice  skating. 

Whether  water  is  useful  or  harmful 
to  us  depends  on  how  well  we  control 
its  flow.  In  the  past,  people  have 
cared  little  about  the  source  of  their 
water.  Yet  having  a safe  and  useful 
supply  of  water  is  something  that  is 
important  to  each  one  of  us. 


Poor  soil 


Using  Soil  Wisely 


All  of  US  depend  on  soil.  Nearly 
everything  that  we  eat,  use,  or  wear, 
as  weU  as  the  houses  we  live  in,  de- 
pends on  soil.  Think  of  the  foods 
you  have  eaten  today.  Probably 
most  of  them  came  from  plants. 
Plants  need  good  soil  in  which  to 
grow. 

The  part  of  the  soil  in  which 
plants  grow  is  called  topsoil.  On 
some  land  the  topsoil  may  be  several 
inches  thick.  In  other  places  it  may 
be  as  deep  as  2 feet.  Topsoil  is  a 
long  time  in  the  making.  To  make 
just  1 inch  of  topsoil  takes  from  300 
to  1000  years.  Yet  1 inch  of  it  can 
be  carried  away  by  wind  or  water 
in  a very  short  time. 


Topsoil  contains  certain  mineral 
elements.  Nitrogen,  calcium,  iron, 
and  phosphorus  are  some  of  the  min- 
erals found  in  good  topsoil.  When 
topsoil  is  lost,  these  minerals  are 
lost  also. 

People  have  experimented  with 
different  kinds  of  plants  which  we 
use  as  foods.  They  have  found  that 
plants  grown  in  poor  soil  contain 
smaller  amounts  of  minerals  than 
plants  grown  in  good  soil.  A stalk 
of  celery  grown  in  poor  soil  will  not 
contain  the  same  amount  of  calcium 
or  phosphorus  as  a stalk  of  celery 
grown  in  good  soil.  We  can  see  that 
it  is  important  to  everyone  that 
farmers  use  their  land  wisely. 
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A Farmer  Makes  a Plan 

How  does  a farmer  go  about  mak- 
ing a plan  for  his  land?  First,  he 
may  ask  the  Soil  Conservation  Serv- 
ice to  work  with  him.  The  soil 
scientist  and  the  farmer  may  make  a 
map  of  the  farm.  They  may  use  a 
photograph  of  the  farm  taken  from 
the  air.  The  soil  scientist  helps  the 
farmer  plot  on  the  map  the  different 
kinds  of  land  on  the  farm. 

After  the  map  of  the  farm  has 
been  made,  the  soil  conservationist 
and  the  farmer  start  on  the  next 
part  of  the  plan.  They  go  from  one 
field  to  another  observing  the  land 
and  how  the  farmer  is  using  it.  Then 


they  check  each  field  with  the  map 
and  decide  the  best  use  to  which  it 
might  be  put. 

The  farmer  tells  the  soil  conserva- 
tionist what  crops  he  grows,  the 
kinds  of  animals  he  has  on  his  farm, 
and  the  machinery  he  has.  He  also 
tells  what  kind  of  farming  he  wants 
to  do.  The  scientist  helps  the  farmer 
to  plan  ways  in  which  to  keep  his 
land  producing  good  crops.  He  helps 
him  decide  what  needs  to  be  done  in 
each  field  to  prevent  the  soil  from 
being  washed  or  blown  away.  The 
picture  below  shows  you  some  of  the 
questions  that  might  possibly  need 
to  be  answered. 


Strip-cropping  f 
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Good  Farming  Practices 

What  are  some  of  the  best  practices  a farmer  uses  on 
his  land?  One  way  to  prevent  soil  from  eroding  is  to  use 
each  acre  of  land  for  what  it  is  best  suited.  For  example, 
some  land  may  be  suitable  only  for  raising  hay  or  for  use 
as  pasture  land.  If  it  is  plowed  up  and  used  for  growing 
grain,  it  will  be  wasted  land. 

The  way  in  which  the  land  is  plowed  also  has  a great 
deal  to  do  with  wise  use  of  the  soil.  Some  plows  throw 
the  soil  in  one  direction  and  form  a long,  narrow  dam. 
Farmers  have  learned  to  plow  sloping  fields  so  that  no 
water  runs  off.  These  fields  are  plowed  along  the  curve, 
or  contour,  of  the  land.  As  the  farmer  plows  round  and 
round  his  land,  the  rows  form  a series  of  earthen  dams. 
These  slow  up  the  flow  of  water  and  hold  most  of  the  rain 
where  it  falls.  The  soil  will  not  be  washed  away. 

Sometimes  a farmer  uses  another  kind  of  plow, 
called  a lister.  It  makes  a furrow  by  throwing  soil  in 
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both  directions.  These  furrows  keep 
snow  from  drifting  off  the  field. 
When  the  snow  melts,  the  water 
does  not  run  off  and  carry  soil  with 
it.  When  it  rains,  these  furrows 
hold  the  rain  where  it  falls;  so  it 
will  soak  into  the  ground. 

Another  helpful  practice  a farmer 
may  use  on  sloping  land  is  strip- 
cropping. Strips  of  close- growing 
crops,  such  as  wheat,  are  planted. 
These  alternate  with  strips  of  a dif- 


ferent type  of  crop.  The  strips  are 
planted  along  the  curve  of  the  land. 

The  farmer  in  the  picture  below 
has  strip-cropped  his  field.  He  has 
planted  a strip  of  wheat,  then  a 
strip  of  beans,  and  then  another 
strip  of  wheat.  His  bean  and  wheat 
crops  will  be  harvested  at  different 
times.  Because  of  this  there  will  be 
some  plants  growing  continually  to 
hold  the  soil  from  washing  or  blow- 
ing away. 
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Farmers  have  also  learned  that 
some  crops  will  enrich  the  soil  by 
adding  nitrogen  to  it.  Alfalfa  and 
clover  are  two  such  crops.  Others, 
such  as  cotton  and  grain,  only  re- 
move minerals  from  the  soil. 

If  a farmer  kept  on  planting  the 
same  crops  on  a piece  of  land  year 
after  year,  the  soil  would  soon  be 


worn  out.  To  prevent  this  from 
happening,  the  farmer  rotates  his 
crops.  If  he  plans  to  grow  grain  for 
one  or  two  years  on  a piece  of  land, 
he  will  then  plant  alfalfa  or  clover 
the  following  year.  This  is  one  way 
in  which  a farmer  puts  back  into  the 
soil  the  nitrogen  that  is  necessary 
for  healthy  plants. 


Using  Forests  Wisely 


There  are  many  things  we  use 
each  day  that  come  from  forests. 
We  use  wood  to  build  homes  and  to 
make  furniture.  We  are  able  to 
have  newspapers,  magazines,  and 
books  because  we  have  learned  to 


make  paper  from  wood.  Many  of 
the  containers  in  which  our  foods 
are  packaged  and  marketed  are  made 
from  forest  products.  What  other 
ways  can  you  list  in  which  forests 
are  important  to  us? 
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How  well  man  manages  to  live 
on  the  earth  depends  a great  deal 
on  how  well  he  maintains  the  forests. 
The  forests  of  the  earth  help  to  en- 
rich om^  soil  and  to  control  our  water 
supply.  They  affect  the  amount  of 
water  we  have  to  drink,  to  grow  our 
crops,  and  to  run  our  industries. 

Forest  Watersheds 

When  rain  or  snow  falls  on  sloping 
land,  the  water  drains  off  into  nearby 
lakes  and  streams.  We  call  such 
sloping  land  a watershed.  The  hills 
surrounding  a lake  or  reservoir  might 


be  called  its  watershed.  This  word 
is  also  often  used  to  describe  a whole 
region  which  drains  into  a river  and 
its  tributaries. 

The  plants  that  cover  a watershed 
may  be  almost  entirely  trees,  or 
there  may  be  shrubs,  grasses,  or 
desert  plants.  Some  areas,  like  the 
Mohave  Desert  in  California,  have 
few  plants  growing  on  them.  Yet 
many  watersheds,  such  as  the  Great 
Smoky  Mountains  of  Tennessee  and 
North  Carolina,  are  covered  with 
dense  forests.  You  can  see  these 
forests  in  the  picture  below. 


We  would  soon  notice  that  the  tem- 
perature of  the  air  in  the  forest  is 
quite  different  from  that  of  the  sur- 
rounding area.  If  it  is  summer,  the 
air  in  the  forest  is  cooler  than  the 
air  outside.  In  winter  just  the  op- 
posite is  true.  The  air  in  the  forest 
is  warmer. 

The  surface  of  the  ground  is  cov- 
ered with  a thick  mat  of  dead  leaves, 
twigs,  and  other  plant  material.  If 
we  should  carefully  lift  several  hand- 
fuls of  this  loose  material  away,  we 


If  you  live  in  a town  or  city,  the 
water  you  use  may  come  from  a 
watershed  many  miles  away.  The 
watershed  may  be  steep  mountain 
slopes  like  those  you  see  in  the  pic- 
ture above.  It  may  be  gentle  slopes 
like  those  in  the  valley  you  see  in  the 
picture  below. 

Let’s  suppose  that  we  could  visit 
a well-protected  forest  watershed. 


would  find  a layer  of  partly-decayed 
plant  life  beneath.  Below  that  layer 
the  soil  is  soft  and  spongy. 

Small  animals  live  in  the  forest 
and  help  to  stir  up  the  soil.  As  they 
dig  and  burrow  in  the  ground,  they 
loosen  the  soil.  This  helps  the  water 
to  soak  in  more  rapidly.  It  also  helps 
to  increase  the  amount  of  water  that 
the  soil  can  hold.  Plant  and  animal 
life  are  very  important  to  a water- 
shed. 

If  it  rains  hard  or  for  a long  time, 
a great  amount  of  water  falls  di- 
rectly on  the  ground.  Then  it  moves 
downward  into  the  soil.  Some  of 
this  water  moves  underground  and 
flows  into  lakes  and  streams. 

Sometimes  more  rain  falls  than 
the  soil  can  hold.  Then  the  rest 
runs  off  the  ground.  On  a well- 


protected  watershed  little  or  no  soil 
is  carried  with  the  water  as  it  flows 
into  streams.  The  roots  of  plants 
hold  the  soil  in  place.  So  the  streams 
carry  clear  water  to  the  lands  below. 

Many  watersheds  in  North  Amer- 
ica are  not  giving  safe  and  useful 
water.  These  watersheds  have  been 
damaged.  Fire  is  one  of  the  worst 
enemies  of  a forest  watershed.  Some- 
times just  one  fire  may  destroy  all 
plant  life  in  a forest.  Animal  life  in 
the  soil  and  in  the  forest  may  also 
be  killed.  Even  a part  of  the  soil 
may  be  injured.  Water  running  off 
a damaged  watershed  may  cause 
floods  that  destroy  farmers’  crops 
and  people’s  property. 


Y ou  have  probably  walked  through 
a forest  and  seen  small  trees  a foot 
or  so  high  growing  under  tall  trees. 
These  small  trees  are  called  seedlings. 
If  fire  is  prevented  in  the  forest, 
many  of  these  seedlings  will  grow 
until  they  are  ready  to  be  harvested. 

In  some  areas  where  fire  has  de- 
stroyed the  trees,  people  must  help 
the  land  to  a new  start  by  planting 
seedlings.  These  seedlings  are  raised 
in  nurseries  from  seeds. 

The  people  in  the  picture  above 
are  weeding  the  beds  in  a large  tree 
nursery.  Here  five  million  young 


To  restore  the  soil  and  plants  on 
a watershed  damaged  by  fire  takes 
many  years.  So  in  recent  years  men 
and  women  have  done  much  think- 
ing, planning,  and  experimenting  to 
find  the  best  ways  to  repair  damaged 
watersheds. 


Forest  Farming 

Usually  we  do  not  think  of  trees 
as  being  a crop,  but  they  are.  How- 
ever, to  raise  a crop  of  trees  takes 
much  longer  than  to  grow  a crop  of 
something  such  as  corn  or  wheat. 
To  ripen  a field  of  corn  or  wheat 
takes  only  one  year,  but  trees  take 
many  years.  It  may  take  as  long  as 
100  years  for  a tree  to  grow.  Of 
course  we  do  not  have  to  wait  that 
long.  Our  forests  have  trees  growing 
in  them  that  are  of  all  ages. 
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trees  are  growing  from  seed.  When  the  seedlings  are 
large  enough,  they  will  be  planted  on  land  where  the 
forests  have  been  destroyed  by  fire. 

In  some  forests  many  trees  are  already  fully  grown 
and  are  ready  to  be  harvested.  If  they  were  left  standing, 
they  would  die  of  old  age.  When  these  old  trees  have 
been  cut,  the  young  trees  will  have  more  room  and  sun- 
light. They  will  be  able  to  grow  faster. 

In  other  forests  most  of  the  trees  may  be  young,  but 
here  too  certain  trees  are  thinned  out.  The  farmer  in  the 
picture  below  is  marking  with  paint  the  trees  he  wants  to 
cut.  You  can  see  how  close  together  the  trees  are  grow- 
ing. By  thinning  out  this  forest,  the  tree-farmer  will  be 
able  to  grow  a better  crop  of  trees.  The  trees  may  be 
sold  for  pulpwood,  from  which  paper,  rayon,  and  waU- 
board  are  made.  Or  they  may  be  cut  and  used  as  fence 
posts. 

If  most  of  the  trees  in  an  area  are  of  the  same  age, 
the  tree-farmer  will  not  cut  all  of  them.  He  will  choose 


certain  trees  as  seed  trees.  The 
seeds  which  these  trees  produce  will 
spread  over  the  area,  and  new  trees 
will  start  growing. 

It  is  possible  to  grow  trees  in  many 
areas  of  land  which  are  not  well 
suited  to  other  kinds  of  crops.  On 
almost  every  farm  there  is  some  land 
that  is  not  weU  suited  for  farm  crops 
or  pasture.  Scientists  tell  us  that 


much  of  this  land  can  support  tree 
growth.  If  all  such  land  were  cov- 
ered with  a rich  growth  of  trees,  it 
would  become  a productive  part  of 
the  earth.  Barren  soil  would  be- 
come useful.  It  would  be  an  aid  in 
controlling  our  supply  of  water. 

As  trees  grow  in  barren  soil,  the 
soil  itself  is  improved.  It  gradually 
becomes  more  fertile.  You  might 
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say  that  a forest  has  its  own  fertili- 
zation program.  Leaves  fall  each 
year  and  enrich  the  soil.  Animals 
come  to  a forest  area  and  add 
wastes  to  the  soil. 

Many  tiny  animals,  such  as  ants, 
spiders,  and  earthworms,  make  then- 
home  in  the  soil  in  which  trees  are 
growing.  These  animals  carry  bits 
of  decayed  plant  life  into  the  ground. 
As  rain  soaks  into  the  ground,  it 


carries  some  of  this  fertile  material 
down  with  it.  In  this  way  a deeper 
layer  of  topsoil  is  gradually  de- 
veloped. 

So  you  see,  the  planting  of  trees 
and  the  making  of  forests  is  one 
important  way  in  which  man  can 
improve  land.  In  this  natmal  way 
barren  and  unproductive  areas  of 
land  can  be  improved  and  made 
useful. 


THINGS  YOU  CAN  DO 


1.  Consult  the  Forest  Service  or 
Soil  Conservation  Service  about 
plans  for  your  community.  Find  out 
where  erosion  is  taking  place.  Is 
there  anything  that  you  can  do  to 
help  prevent  it? 

2.  If  you  live  near  a forest  area 
that  has  been  burned,  find  out  all 
you  can  about  the  cause  of  the  fire. 
How  could  it  have  been  prevented? 
Compare  the  soil  here  with  soil  in 
an  undamaged  forest.  Perhaps  you 
will  be  able  to  start  some  new  trees 
growing  in  the  burned  area. 

3.  Visit  several  farms.  Notice  how 
each  farmer  uses  his  land.  What 
methods  are  used  to  keep  soil  from 
washing  or  blowing  away?  What 
are  the  advantages  of  each  method? 


4.  Select  a committee  to  write  to 
the  Fish  and  Game  Commission  to 
find  out  how  it  protects  wildlife  in 
your  state  or  province. 

5.  If  you  live  in  a city,  there  is 
probably  a park  nearby,  which  you 
could  visit.  Has  the  grass  been 
trampled  down?  Is  any  erosion  tak- 
ing place? 

6.  Perhaps  you  can  find  a gully  in 
your  community.  If  you  can  get 
permission,  you  might  build  a dam 
across  it  by  using  sticks  and  rocks. 
This  should  prevent  the  water  from 
washing  away  the  soil.  When  the 
gully  has  been  dammed,  visit  it  again 
after  a rainstorm  to  see  how  much 
soil  has  been  held  back  by  the  dam. 
You  might  plant  grass  in  this  soil. 
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Using  the  Earth’s  Magnetism 


Have  you  ever  made  use  of  the  earth’s  magnetism? 
Perhaps  you  are  not  quite  sure  how  to  answer  this 
question. 

In  the  picture  on  these  pages  you  can  see  people  using 
the  magnetism  of  the  earth.  Each  of  these  people  is 
using  a compass.  A Boy  Scout  is  finding  his  way  through 
a forest.  A sailor  is  using  a compass  on  shipboard.  In 
each  case  a compass  is  being  used  to  help  the  person 
travel  on  the  earth.  A compass  is  really  a device  which 
allows  man  to  use  the  earth’s  magnetism. 

There  was  a time  when  people  did  not  know  about 
magnetism  nor  how  to  build  a compass.  About  800  years 
ago,  before  there  was  such  a thing  as  a compass,  a sailor 
would  usually  keep  his  ship  within  sight  of  land.  At 
night  he  would  sometimes  use  the  stars  to  guide  him, 
but  usually  he  would  sail  close  to  shore  and  anchor. 
Then  he  waited  for  the  light  of  day  before  continuing  his 
journey. 
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Man  made  many  discoveries  about 
magnetism  before  he  was  able  to 
build  a compass.  But  no  one  is  sure 
when  any  of  these  discoveries  were 
made.  Long  ago  someone  found  that 
a certain  type  of  rock  sometimes 
attracted  iron.  The  name  given  to 
this  rock  was  magnetite.  When  a 
piece  of  magnetite  acts  as  a natural 
magnet,  it  is  often  called  loadstone. 

Later  it  was  found  that  a piece  of 
this  natural  magnet  would  always 
point  in  the  same  directions  if  it  was 
free  to  swing.  One  end  of  the  magnet 
would  point  in  the  direction  we  call 
north,  and  the  other  in  the  direction 
called  south. 

This  was  useful  information.  It 
meant  that  when  a man  was  lost,  he 
could  find  his  way  again  by  using  a 


magnet.  The  magnet,  when  free  to 
swing,  would  point  north  and  south. 

We  call  such  a freely  swinging 
magnet  a compass.  Compasses  were 
made  and  used  for  many  years  be- 
fore man  had  any  understanding  of 
how  they  worked.  There  have  been 
many  different  theories  about  the 
magnetism  of  the  earth. 

Making  a Compass 

It  is  not  difficult  to  make  a com- 
pass. All  you  will  need  is  a bar  mag- 
net and  a wooden  stand  to  hang 
it  on. 

First,  look  at  the  magnet.  Often 
one  end  of  a bar  magnet  is  marked 
with  an  N and  the  other  end  with 
an  S.  These  letters  indicate  its 
north  and  south  poles.  The  north 


pole  of  the  magnet  is  the  end  that 
points  toward  the  north  when  the 
magnet  is  free  to  swing.  The  south 
pole  points  toward  the  south. 

To  make  a compass,  first  tie  a 
bar  magnet  as  you  see  in  the  pic- 
ture above  so  that  it  will  be  free  to 
swing.  Now  cut  out  a large,  circu- 
lar piece  of  paper.  It  should  be 
about  1 foot  in  diameter.  Write 
North,  East,  South,  and  West  at  foin* 
points  along  the  edge  of  the  paper, 
equal  distances  apart.  Place  the 
paper  directly  under  the  bar  mag- 
net so  that  the  north  pole  of  the 
bar  magnet  points  to  the  north  posi- 
tion on  the  paper.  Now  you  have 
made  a compass. 

When  you  have  made  your  com- 
pass properly,  the  words  on  your 


piece  of  paper  will  correctly  show 
the  directions  north,  south,  east, 
and  west.  If  you  have  a pocket 
compass,  you  can  check  these  direc- 
tions. Be  sure  that  you  do  not  hold 
this  compass  too  near  the  bar-magnet 
compass  you  have  made.  If  you 
should  do  this,  the  small  compass 
needle  would  not  point  correctly. 
You  will  see  why  later. 

Hold  the  pocket  compass  steady 
until  its  needle  becomes  stationary. 
Then  carefully  turn  this  compass 
around  until  its  needle  points  to  the 
direction  marked  north  on  the  face 
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of  the  compass.  Now  compare  this 
with  the  bar-magnet  compass  you 
have  made.  Are  the  directions  the 
same  on  the  two  compasses? 

The  needle  of  a compass  is  really 
a small  bar  magnet,  mounted  so  that 
it  can  swing  freely  around.  The  end 
of  the  needle  which  points  toward 
the  north  is  called  the  north  pole  of 
the  compass  needle. 

Iron  Affects  a Compass 

Men  and  women  who  studied  the 
compass  were  confronted  with  a 
puzzling  question.  What  is  there 
about  the  earth  that  causes  a com- 
pass needle  to  point  continually  in 
the  same  direction?  To  answer  this, 


they  knew  that  they  would  first  have 
to  find  out  what  affects  a compass 
needle.  In  one  of  their  experiments 
they  tried  bringing  a piece  of  iron 
near  a compass  needle,  and  a very 
startling  thing  happened.  You  can 
try  this  for  yourself. 

Hold  an  iron  nail  close  to  the 
north  pole  of  a compass  needle. 
Slowly  move  the  nail  around  the 
rim  of  the  compass  case.  You  will 
see  that  the  north  pole  of  the  com- 
pass needle  follows  the  nail  as  you 
move  it.  Instead  of  pointing  toward 
the  north,  the  compass  needle  points 
toward  the  iron  nail! 

Now  hold  the  nail  close  to  the 
south  pole  of  your  compass  needle. 
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The  same  thing  will  happen  to  the 
south  pole  as  you  move  the  nail. 

It  can  be  clearly  seen  that  iron 
affects  a compass  needle.  It  was 
suggested  that  perhaps  the  north 
poles  of  compass  needles  point  north 
because  they  are  pointing  toward  a 
clump  of  iron  in  the  northern  part 
of  the  earth. 

Do  you  think  that  this  is  a good 
explanation?  Think  for  a minute 
about  your  experiment  with  the  iron 
nail.  It  is  true  that  the  north  pole 
of  the  compass  needle  moved  to- 
ward the  nail,  but  what  about  the 
south  pole  of  the  needle?  That  also 
could  be  made  to  point  toward  the 
nail.  Both  poles  of  a compass  needle 
are  affected  by  a piece  of  iron.  If 
there  were  a clump  of  iron  in  the 


northern  part  of  the  earth,  it  would 
explain  why  the  north  pole  of  a com- 
pass needle  points  toward  the  north. 
But  why  is  this  not  also  true  of  the 
south  pole  of  a compass  needle? 

Magnetism  Affects  a Compass 

Scientists  wanted  a better  expla- 
nation of  the  reason  why  compass 
needles  always  point  in  the  same 
directions.  You  might  try  an  exper- 
iment. You  will  see  that  it  gives 
an  important  clue. 

Bring  the  south  pole  of  a bar  mag- 
net near  the  north  pole  of  a compass 
needle.  Does  the  compass  needle 
still  point  to  the  north?  No.  It  is 


attracted  toward  the  magnet.  Take 
the  magnet  away,  and  the  north 
pole  of  the  compass  needle  swings 
back  toward  the  north  again. 

Try  bringing  this  same  pole  of  the 
magnet  near  the  south  pole  of  the 
compass  needle.  The  south  pole  of 
the  compass  needle  will  swing  away 
from  the  south  pole  of  a bar  magnet 
instead  of  toward  it.  When  a pole 
of  a compass  swings  away,  we  say 
that  it  has  been  repelled. 

You  will  find  that  the  north  pole 
of  a compass  needle  is  attracted  by 


the  south  pole  of  a magnet,  but  it 
is  repelled  by  a magnet's  north  pole. 
Do  you  see  what  an  important  clue 
this  is? 

Experiments  such  as  this  led  scien- 
tists to  say  that  the  earth  itself  seems 
to  be  a huge  magnet.  They  said  that 
the  earth  must  have  magnetic  poles 
just  as  a magnet  does.  This  would 
explain  why  compass  needles  always 
point  in  the  same  directions.  It 
would  be  because  the  poles  of  com- 
pass needles  are  attracted  by  the 
magnetic  poles  of  the  earth. 


Magnetic  Poles  of  the  Earth 

It  is  difficult  to  imagine  that  the 
earth  is  a huge  magnet,  but  you 
might  imagine  that  the  earth  has  a 
bar  magnet  going  through  it,  as  you 
see  in  the  picture  at  the  right.  One 
pole  of  the  magnet  is  in  the  northern 
part  of  the  earth.  The  other  is  in 
the  southern  part. 

Of  course  there  is  no  such  huge 
magnet  in  the  earth.  But  scientists 
have  found  that  the  magnetic  force 
on  the  earth’s  surface  seems  to  be 
concentrated  in  two  definite  loca- 
tions, or  poles. 

You  remember  from  your  experi- 
ments that  the  north  pole  of  a com- 
pass needle  is  attracted  toward  the 
south  pole  of  a bar  magnet.  This 
means  that  the  magnetic  pole  of  the 
earth  toward  which  the  north  pole 
of  a compass  needle  points  must  be 
similar  in  magnetic  force  to  the  south 
pole  of  a bar  magnet.  Using  certain 
special  instruments,  scientists  have 
found  such  a pole  in  the  northern 
part  of  our  earth.  The  name  which 
has  been  given  to  it  is  the  north 
magnetic  pole.  It  has  been  located 
on  Prince  of  Wales  Island  in  the 
Arctic  Ocean.  This  island  is  off  the 
coast  of  northern  Canada,  north  of 
Hudson  Bay. 


North  magnetic  pole 
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South  magnetic  pole 


As  you  can  see  from  the  map 
above,  the  magnetic  north  pole  is 
not  the  same  as  the  geographical 
north  pole.  You  know  that  the  earth 
is  turning  on  its  axis.  One  end  of  the 
axis  is  called  the  geographical  north 
pole.  The  compass  needle  points 
toward  a different  spot,  however.  A 
geographical  pole  and  a magnetic 
pole  are  quite  different  things. 


Look  at  the  map  below.  Do  you 
see  the  magnetic  pole  and  the  geo- 
graphical pole  in  the  southern  part 
of  our  earth?  You  will  find  that  the 
magnetic  south  pole  is  located  on 
Antarctica.  The  geographical  south 
pole  is  on  Antarctica,  too.  But  you 
can  see  that  the  magnetic  south  pole 
is  quite  a distance  from  the  geo- 
graphical south  pole. 
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What  Is  Magnetism? 


Men  who  study  the  earth  have 
spent  much  time  trying  to  explain 
why  the  earth  has  magnetic  poles. 
In  order  to  have  an  explanation  of 
this,  they  first  had  to  have  an  ex- 
planation, or  theory,  of  magnetism. 
Then  they  were  better  able  to  de- 
velop theories  of  how  magnetism  is 
produced  on  the  earth. 

The  Molecule  Theory  of  Magnetism 

Some  scientists  gave  an  explana- 
tion of  magnetism  which  was  very 
useful.  This  theory  was  built  around 
molecules.  You  can  call  it  the  mole- 
cule theory  of  magnetism. 

According  to  this  theory  all  things 
are  made  of  milhons  of  molecules. 
You  may  remember  that  scientists 
also  say  that  all  things  are  made  of 
millions  of  atoms.  Perhaps  you  are 
not  sure  just  what  the  difference  is 
between  atoms  and  molecules.  We 
might  say  that  a very  small  drop  of 
water  is  made  of  millions  and  millions 
of  atoms.  It  would  also  be  true  to 
say  that  this  same  drop  of  water  is 
made  of  millions  and  millions  of 
molecules. 

The  atoms  in  a drop  of  water  are 
not  atoms  of  water.  They  are  atoms 


of  the  chemicals  of  which  the  water 
is  made.  They  are  atoms  of  hydro- 
gen and  atoms  of  oxygen.  When  two 
atoms  of  hydrogen  combine  with  one 
atom  of  oxygen,  they  form  one  mole- 
cule of  water.  This  is  expressed  by 
the  symbol  H2O. 

A molecule  is  the  smallest  part  into 
which  a substance  such  as  water  can 
be  divided  and  still  be  water.  A 
water  molecule  is  made  up  of  more 
than  one  kind  of  atom.  There  are 
about  one  hundred  other  substances 
which  are  not  made  up  of  more  than 
one  kind  of  atom.  These  substances 
are  called  elements. 

Hydrogen  and  oxygen  are  both 
elements.  Iron  is  another  substance 
which  is  made  up  of  only  one  kind 
of  atom.  A small  piece  of  iron  con- 
sists of  millions  and  millions  of 
molecules,  but  all  the  molecules  are 
made  up  of  the  same  kind  of  atom. 
They  are  all  atoms  of  iron. 

The  scientists  who  developed  the 
molecule  theory  of  magnetism  said 
that  each  iron  molecule  was  a very 
tiny  bar  magnet.  In  this  theory  each 
of  the  tiny  molecule  magnets  would 
have  a north  and  south  pole,  just  like 
a large  bar  magnet. 
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These  men  said  that  the  molecule  magnets  in  a bar 
magnet  or  horseshoe  magnet  would  be  arranged  as  you 
see  in  the  pictures  above.  Of  course  the  molecule  magnets 
in  a real  magnet  would  be  too  small  to  see. 

The  Molecule  Theory  Helps 

The  molecule  theory  of  magnetism  helped  to  explain 
many  experiments.  When  a magnet  is  broken  in  two, 
the  magnet  is  not  destroyed.  There  are  actually  two 
new  magnets  when  this  is  done.  According  to  this 
theory,  when  a break  takes  place  in  a magnet,  the  south 
poles  of  its  molecule  magnets  are  at  one  side  of  the 
break  and  the  north  poles  at  the  other  side.  You  might 


like  to  try  this  experiment  with  an 
inexpensive  magnet,  which  you  can 
buy  in  a toy  store. 

Here  is  another  experiment  which 
the  molecule  theory  of  magnetism 
helped  to  explain:  You  wiQ  need  an 
iron  nail  and  a bar  magnet.  Start  at 
the  head  of  the  nail  and  rub  one  end 
of  the  magnet  along  the  length  of 
the  nan,  as  you  see  in  the  picture  at 
the  right.  When  you  have  completed 
the  stroke,  lift  the  magnet  from  the 
nail.  Then  start  again  at  the  head 
of  the  nan,  stroking  the  nail  with  the 
same  end  of  the  magnet.’  By  doing 
this,  you  win  stroke  the  nail  in 
one  direction  only.  After  you  have 
stroked  the  nah  in  this  way  about 
thirty  times,  you  wdl  find  that  the 
nafi  has  become  a magnet.  You 
should  be  able  to  pick  up  a paper 
clip  with  your  magnetized  nafi. 

Remember  that  the  molecule  the- 
ory stated  that  each  tiny  molecule 
of  iron  is  a smaU  bar  magnet.  This 
would  mean  that  any  piece  of  iron 
is  made  of  smaU,  bar-magnet  mole- 
cules. In  the  pictures  at  the  right 
you  wfil  see  the  way  that  the  mole- 
cule magnets  of  a nafi  might  be 
arranged.  Do  you  see  how  the  ar- 
rangement of  molecifies  has  changed 
after  the  nafi  has  been  magnetized? 


According  to  this  theory,  after  you 
stroked  the  nail,  the  molecule  mag- 
nets would  be  arranged  so  that  the 
north  poles  all  pointed  in  the  same 
direction.  Now  the  nail  would  have 
north  poles  at  one  end  and  south* 
poles  at  its  other  end.  The  nail 
would  be  a magnet  because  of  this 
arrangement  of  its  molecule  magnets. 
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A Change  in  Theory 

The  molecule  theory  seemed  to 
explain  many  of  the  known  facts 
about  magnetism.  But  as  men  and 
women  discovered  new  facts  about 
magnetism,  they  began  to  develop  a 
new  theory  about  it.  You  might  do 
an  experiment  which  will  help  you 
to  see  what  some  of  these  discoveries 
were. 

You  will  need  a compass,  a piece 
of  copper  wire,  and  a dry  cell.  Ar- 
range the  wire  as  you  see  in  the 
picture  on  the  left  above.  You  will 
notice  that  the  wire  is  attached  to 


the  outside  post  of  the  dry  cell  and 
is  held  over  the  compass  in  a north- 
south  direction.  Because  the  needle 
of  the  compass  is  pointing  toward 
the  north,  the  wire  is  directly  above 
the  compass  needle. 

Now  hold  the  free  end  of  the 
wire  against  the  center  post  of  the 
dry  cell.  Notice  the  compass  needle. 
It  has  changed  direction!  The  com- 
pass needle  now  points  across  the 
wire. 

Disconnect  one  end  of  the  wire 
from  the  dry  cell.  Electricity  no 
longer  flows  through  the  wire  above 
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the  compass,  and  so  the  compass 
needle  swings  back  to  the  north 
again. 

Why  does  a compass  needle  move 
when  an  electric  current  flows  above 
it?  Scientists  knew  that  one  thing 
which  will  make  a compass  needle 
move  is  a bar  magnet.  You  can  try 
an  experiment  with  a bar  magnet 
which  will  show  you  why  this  infor- 
mation was  very  important  to  sci- 
entists. 

You  will  find  that  there  are  two 
ways  in  which  a bar  magnet  may  be 
brought  near  a compass  to  produce 
the  same  result  as  the  electric  cur- 
rent. Bring  the  north  pole  of  a bar 
magnet  toward  a compass  from  the 
west.  As  you  know,  the  north  pole 
of  a compass  needle  is  repelled  by 
the  north  pole  of  a bar  magnet.  The 


compass  needle  swings  around  to  the 
east.  It  is  now  pointing  in  the  same 
direction  as  when  the  electric  current 
was  flowing  through  the  wire  above 
the  compass. 

You  can  also  bring  the  south  pole 
of  a bar  magnet  toward  the  compass 
from  the  east.  Does  the  compass 
needle  move  in  the  same  way? 

Look  at  the  pictures  on  these 
pages.  You  will  see  that  the  results 
are  the  same  in  these  experiments. 
It  does  not  make  any  difference 
whether  an  electric  current  is  used 
or  whether  the  wire  is  disconnected 
and  a bar  magnet  is  used.  The  com- 
pass needle  moves  the  same  way  in 
either  case.  But  this  is  the  impor- 
tant point:  a current  of  electrical 
energy  can  produce  the  same  effect 
as  a magnet. 


The  Moving  Electron 

The  discovery  that  a current  of 
electrical  energy  can  produce  a mag- 
netic effect  was  very  important.  It 
pointed  toward  a new  way  of  study- 
ing magnetism.  As  you  know,  it  is 
believed  that  a current  of  electricity 
is  produced  by  moving  electrons. 
Scientists  interested  in  magnetism 
began  studying  the  electron. 

As  you  remember,  it  is  believed 
that  the  parts  of  atoms  called  elec- 
trons are  electrically  charged  par- 
ticles which  keep  moving  rapidly 
around  the  center  of  each  atom. 
While  an  electron  is  revolving  around 
the  center  of  its  atom,  it  is  moving 
in  another  way  also.  It  is  spinning, 
much  as  a top  spins. 

It  might  make  you  think  of  the 
way  that  the  earth  moves  around  the 
sun.  The  earth  rotates,  or  spins  on 
its  axis,  and  at  the  same  time  it  is 
revolving,  or  circling,  around  the  sun. 
In  somewhat  this  same  way  each 
electron  rotates,  or  spins  on  its  axis, 
while  it  revolves  around  the  center 
of  the  atom. 

An  atom  may  have  many  elec- 
trons. All  these  electrons  are  moving 
around  its  center.  They  are  all  rotat- 
ing also,  but  they  are  not  all  rotating 
in  the  same  direction.  Some  of  them 


are  spinning,  or  rotating,  in  a clock- 
wise direction.  Some  are  spinning  in 
a counterclockwise  direction. 

A piece  of  iron,  such  as  a bar  mag- 
net, is  made  of  many  millions  of 
atoms.  Each  iron  atom  has  twenty- 
six  spinning  electrons.  This  means 
that  there  are  an  extremely  large 
number  of  electrons  in  even  a small 
piece  of  iron. 

Some  scientists  think  that  these 
moving,  spinning  electrons  have 
something  to  do  with  magnetism. 
They  believe  that  in  an  ordinary 
piece  of  iron  most  of  the  electrons 
are  spinning  in  different  directions. 
But  they  think  that  in  an  iron  mag- 
net most  of  the  electrons  are  spin- 
ning in  the  same  direction. 

Even  within  the  atom  the  motion 
of  many  electrons  spinning  in  the 
same  direction  may  produce  an 
electric  current.  In  fact,  this  theory 
could  be  called  the  electron  theory 
of  magnetism.  According  to  this 
theory  magnetism  is  caused  by  this 
motion,  or  current,  of  many  elec- 
trons spinning  in  the  same  direction. 

Can  you  see  how  the  molecule 
theory  and  the  electron  theory  differ? 
According  to  the  molecule  theory 
any  piece  of  iron  is  made  up  of  tiny 
molecule  magnets.  But  a piece  of 
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Atom  of  iron 


Counterclockwise  spin 


w 

Clockwise  spin 


iron  does  not  become  a magnet  until 
these  molecule  magnets  become  ar- 
ranged in  the  proper  order.  In  the 
electron  theory  the  molecules  of  an 
ordinary  piece  of  iron  are  not  little 


magnets.  Spinning  electrons  within 
the  iron  atoms  can  cause  the  iron  to 
become  a magnet  when  most  of  the 
electrons  spin,  or  rotate,  in  the  same 
direction. 
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The  Earth’s  Magnetism 


Scientists  who  have  studied  the 
earth  do  not  always  agree  on  an 
explanation  of  the  earth’s  magnet- 
ism. However,  most  scientists  say 
that  the  earth  is  magnetic  because 
it  is  rotating  on  its  axis. 

Some  people  believe  that  the  rapid 
rotation  of  the  earth  has  caused  the 
molecules  of  iron  within  the  earth 
to  be  lined  up  in  one  direction.  In 
this  theory  the  lining-up  of  these 
molecules  produces  the  earth’s  mag- 
netism. You  probably  recognize  that 
this  theory  is  based  on  the  molecule 
theory  of  magnetism. 

Rotation  is  an  important  part  of 
still  another  theory.  Have  you  ever 
watched  water  rotating  in  a basin 
after  the  plug  has  been  pulled  out? 
You  might  fill  a sink  with  water  and 


watch  what  happens  as  the  water 
runs  out.  Do  you  notice  that  the 
water  toward  the  middle  is  moving 
faster  than  the  water  near  the  rim 
of  the  basin?  Something  like  this 
may  be  happening  in  our  earth.  The 
center  of  the  earth  may  be  rotating 
faster  than  the  outer  part  of  the 
earth.  Not  much  faster,  but  some 
scientists  think  that  there  is  enough 
difference  in  the  speed  of  rotation 
to  produce  electric  currents  in  the 
core  of  the  earth. 

Rotation  of  the  earth  is  an  im- 
portant part  of  both  these  theories. 
You  may  want  to  discuss  theories 


of  the  earth’s  magnetism  with  your 
friends.  In  yoiu*  discussion  you  should 
remember  that  no  one  really  knows 
what  causes  the  earth  to  be  a magnet. 

Attraction  at  a Distance 

We  have  said  that  scientists  be- 
lieve that  compass  needles  point 
north  and  south  because  they  are 
attracted  by  the  magnetic  poles  of 
the  eai’th.  The  magnetic  poles  in  the 
northern  and  southern  parts  of  the 
earth  are  probably  thousands  of 
miles  distant  from  where  you  live. 
How  can  they  attract  your  compass 
needle?  Let’s  do  some  experiments 
with  a bar  magnet  which  may  help 
to  answer  this  question. 


magnet  and  still  have  a nail  at- 
tracted to  it?  In  the  picture  a nail 
has  been  placed  on  a sheet  of  paper. 
You  can  see  that  a pencil  mark  has 
been  made  beside  the  nail  to  indi- 
cate its  position.  A magnet  has  also 
been  placed  on  the  paper  at  a fairly 
large  distance  from  the  nail. 

A pole  of  the  magnet  should  be 
moved  slowly  toward  the  nail.  When 
you  first  see  the  nail  attracted  to 
the  magnet,  hold  the  magnet  in 
place  and  mark  the  spot.  Now 
measure  the  distance  between  the 
two  marks.  This  will  give  you  some 
idea  of  the  distance  at  which  the 
magnet  has  an  effect  on  the  nail. 
You  can  see  that  a magnet  does  not 
have  to  touch  a nail  to  have  an 
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effect  on  it.  We  usually  say  that 
when  an  object  is  attracted  by  a 
magnet,  it  is  within  the  field  of  the 
magnet.  Let’s  see  what  this  means. 

First,  place  a small  pin  on  a piece 
of  paper  and  mark  its  position.  Then 
slowly  move  a bar  magnet  toward 
the  pin.  Mark  the  position  of  the 
magnet  when  the  pin  is  first  at- 
tracted to  it.  Leave  the  magnet  in 
this  position,  but  remove  the  pin. 
Now  instead  of  the  pin  place  a 
rather  large  iron  nail  at  the  mark  on 
the  paper  where  you  had  first  placed 
the  pin.  Does  the  nail  move?  The 
field  of  the  magnet  must  go  out  this 
far,  because  it  attracted  the  pin  at 
this  distance.  But  at  this  distance 
the  magnetic  field  does  not  move 
the  nail. 


The  field  of  a magnet  may  extend 
for  quite  a distance,  but  it  becomes 
weaker  as  it  extends  out  into  space. 
At  a distance  the  field  of  a magnet 
may  become  too  weak  to  affect  a 
particular  object.  In  your  experi- 
ment you  were  able  to  observe  this. 
You  know  that  the  pin  was  within 
the  field  of  the  magnet,  because  you 
saw  the  pin  move.  When  you  placed 
a nail  at  this  same  spot,  however, 
the  magnetic  field  was  not  strong 
enough  to  move  the  larger,  heavier 
object. 

Here  is  something  you  can  do  to 
get  a picture  of  the  magnetic  field 
around  a magnet:  You  will  need  to 
have  some  iron  filings  for  this  ex- 
periment. Place  a magnet  on  a 
table  and  cover  it  with  a piece  of 


cardboard  about  12  inches  square. 
Sprinkle  iron  filings  over  the  card- 
board and  gently  tap  it.  Do  you 
see  the  pattern  which  they  make? 
Are  there  filings  at  the  edges  of  your 
cardboard  which  are  not  affected  by 
the  magnetic  field?  This  is  because 
the  field  is  not  strong  enough  there 
to  affect  them. 

The  pictures  above  show  the  way 
that  iron  filings  arrange  themselves 
in  the  fields  of  a horseshoe  and  a 
bar  magnet.  Remember  that  the 
iron  filings  do  not  show  the  complete 
field  of  the  magnet.  The  field  actu- 
ally extends  out  beyond  the  card- 
board. 

The  Earth’s  Magnetic  Field 

Have  you  ever  stopped  to  think 
that  you  are  living  in  a magnetic 
field?  Scientists  believe  that  the 
earth  produces  magnetic  effects  as 
though  it  were  a huge  magnet.  This 
means  that  the  earth  must  have  a 


magnetic  field.  You  cannot  see  it, 
but  you  can  see  its  effects.  The  com- 
pass that  you  use  is  in  the  earth’s 
magnetic  field  with  you.  Its  needle 
moves  and  points  north  and  south 
because  the  field  is  strong  enough  to 
affect  it. 

The  picture  below  shows  you  how 
scientists  think  that  the  magnetic 
field  surrounds  the  earth.  Do  you 
see  how  the  lines  of  force  are  concen- 
trated at  the  magnetic  poles? 
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The  earth’s  magnetic  field  is  strong 
enough  to  affect  iron  objects  which 
it  surrounds.  You  can  see  this  by 
testing  an  iron  radiator  with  a com- 
pass. Hold  a compass  close  to  the 
top  of  a radiator.  Does  this  attract 
the  north  pole  of  the  compass  needle? 
Then  move  the  compass  to  the 
bottom  of  the  radiator.  You  will 
find  that  the  part  of  the  radiator 


closest  to  the  ground  repels  the 
north  pole  and  attracts  the  south 
pole  of  the  compass  needle.  The 
bottom  of  the  radiator  has  the  same 
effect  as  the  north  pole  of  a magnet. 
This  is  because  the  radiator  has  been 
magnetized  by  the  magnetic  field  of 
the  earth. 


The  Sun  and  the  Earth’s  Magnetism 


We  have  known  for  a long  time 
that  there  have  been  changes  in  the 
earth’s  magnetism  from  year  to  year. 
In  fact,  there  are  changes  during  the 
course  of  one  day.  We  have  learned 
of  these  changes  because  each  day 
the  compass  needle  wanders  back 
and  forth  by  a very  small  amount. 

The  change  in  the  direction  of  the 
needle  is  so  small  that  a person  using 
a compass  would  not  even  notice  it. 


But  scientists  in  special  laboratories 
are  able  to  observe  the  changes  as 
they  take  place. 

These  scientists  have  found  that 
the  north  pole  of  the  compass  needle 
turns  a trifle  toward  the  east  when 
the  sun  rises.  During  the  latter  part 
of  the  day  it  wanders  a bit  toward 
the  west  as  the  sun  sets.  After  the 
sun  sets,  the  needle  resumes  its  nor- 
mal position. 
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At  times  there  is  a still  greater 
change  in  the  needle’s  direction.  It 
is  believed  that  these  changes  have 
some  connection  with  spots  on  the 
surface  of  the  sun. 

Sunspots  are  thought  to  be  giant 
cyclones,  or  whirlpools,  in  the  sun. 
No  one  is  sure  why  or  how  they  are 
caused,  but  they  seem  to  have  a 
profound  effect  on  the  earth’s  mag- 
netic field. 

It  is  believed  that  huge  quantities 
of  electrons  are  shot  out  from  these 
spots  on  the  sun.  Many  of  these 
electrons  speed  from  the  sun  to  the 
earth.  When  they  reach  the  earth’s 
atmosphere,  they  sometimes  produce 
the  glow  which  is  known  in  the 
Northern  Hemisphere  as  the  aurora 
borealis,  or  northern  lights.  Some- 
times such  violent  disturbances  take 


place  in  the  earth’s  magnetism  that 
they  are  spoken  of  as  magnetic 
storms. 

Man  has  much  to  learn  about  the 
magnetism  of  the  earth.  We  have 
been  able  to  make  use  of  it,  but  we 
do  not  yet  fully  understand  it.  We 
know  that  it  has  some  connection 
with  the  energy  of  the  sun.  There 
may  be  new  discoveries  about  mag- 
netism which  will  take  place  during 
your  lifetime. 


LEARNING  MORE  ABOUT  THE  EARTH’S  MAGNETISM 


1.  You  might  try  an  experiment 
using  the  earth’s  magnetic  field.  You 
will  need  a hammer,  a large  iron  nail, 
and  a compass. 

Hold  one  end  of  the  nail  near  the 
north  pole  of  the  compass  needle. 
Do  the  same  with  the  other  end  of 
the  nail.  Is  the  north  pole  of  the 
compass  needle  attracted  to  both 
ends  of  the  nail?  Now  hold  the  nail 
in  a north-south  direction  tilted  to- 
ward the  ground,  as  you  see  in  the 
picture.  Strike  the  head  of  the  nail 
with  the  hammer  several  times. 
Then  bring  the  other  end  of  the  nail 
near  the  north  pole  of  the  compass 
needle.  If  your  experiment  has  been 
successful,  the  needle  wiU  move  away 
from  this  end  of  the  nail.  The  nail 
has  become  magnetized  by  strik- 


ing it  as  it  is  held  in  the  earth’s 
magnetic  field. 

2.  Your  class  might  like  to  invite 
an  airplane  pilot  to  your  classroom. 
Ask  him  about  the  latest  types  of 
compasses.  You  might  also  ask  him 
how  he  uses  a compass  when  flying. 

3.  Look  at  the  picture  at  the  foot 
of  page  207.  Do  you  see  how  the 
lines  of  magnetic  force  dip  toward 
the  earth?  You  can  find  out  how 
the  earth’s  magnetic  field  is  slanted 
where  you  live.  To  do  this,  you  will 
need  to  make  a special  type  of  mag- 
netic needle.  You  will  need  a steel 
knitting  needle,  a cork,  two  darning 
needles,  and  two  drinking  glasses. 

Put  the  knitting  needle  through 
the  center  of  the  cork.  Stick  the 
point  of  one  darning  needle  into  the 


side  of  the  cork.  Put  it  exactly  in 
line  with  the  knitting  needle.  Do  the 
same  with  the  other  darning  needle 
on  the  opposite  side  of  the  cork. 
Rest  the  darning  needles  on  the  edges 
of  two  glasses  so  that  the  cork  is 
suspended  between  them,  and  the 
knitting  needle  is  pointing  toward 
the  north.  Now  adjust  the  knitting 
needle  in  the  cork  so  that  it  balances 
in  a horizontal  position  as  3^ou  see  in 
the  picture  at  the  right. 


near  the  north  pole  of  a compass 
needle.  Is  the  compass  needle  at- 
tracted, or  repelled?  The  north  pole 
of  the  magnetized  needle  will  be  the 
end  which  repels  the  north  pole  of 
the  compass  needle. 

Now  replace  the  darning  needles 
on  the  glasses  so  that  the  north  pole 
of  the  magnetized  needle  points  to- 
ward the  north.  If  you  have  replaced 
it  carefully,  the  north  pole  of  the 
knitting  needle  will  dip  toward  the 
earth.  This  will  show  you  how 
much  the  magnetic  field  of  the  earth 
dips  where  you  live. 


To  magnetize  the  knitting  needle, 
use  the  south  pole  of  a bar  magnet. 
First,  pick  up  the  cork  carefully, 
taking  care  not  to  disturb  the  posi- 
tion of  the  needles  in  the  cork.  Now 
stroke  the  knitting  needle  in  one 
direction  with  the  magnet. 

When  the  needle  has  become  mag- 
netized, you  can  test  it  to  find  which 
end  has  become  its  north  pole.  Bring 
one  end  of  the  magnetized  needle 
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Machines  to  Direct  Energy 


What  Is  a Machine? 


As  you  look  around,  you  can  see  many  ways  in  which 
man  has  put  energy  to  use.  In  the  picture  on  these  two 
pages  locate  the  places  where  energy  is  being  used. 

In  each  case  some  kind  of  work  is  being  done.  There 
is  also  a source  which  supplies  the  energy.  Notice  that 
there  is  always  a link,  or  connection,  between  the  source 
of  energy  and  the  place  where  the  energy  is  used.  This 
link,  or  connection,  is  called  a machine. 

Man  is  able  to  use  energy  because  he  has  learned  how 
to  move  it  from  its  source  to  the  place  where  it  is  to  be 
used.  You  might  say  that  a machine  is  anything  which 
connects  a source  of  energy  with  the  place  where  the 
energy  can  be  used  to  do  work. 

In  the  picture  you  can  see  how  the  energy  of  moving 
water  may  be  put  to  use.  Man  has  used  it  to  grind 
grain  in  his  mills.  How  is  this  source  of  energy  linked,  or 
connected,  with  the  spot  where  the  work  is  to  be  done? 
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Man  Learns  to  Use  His  Own  Energy 


There  was  a time  when  people  had 
no  man-made  machines  to  help  them. 
The  only  energy  which  early  people 
could  put  to  work  was  their  own 
muscle  energy.  But  you  might  say 
that  they  did  have  a machine  which 
they  used.  It  was  the  human  body. 

As  you  know,  the  food  which  you 
eat  develops  chemical  energy  in  the 
muscles  of  your  body.  When  you 
wish  to  do  work,  you  must  direct 
your  muscle  energy  to  the  place 
where  the  work  is  to  be  done.  If  you 
wish  to  move  a rock,  you  may  direct 
your  muscle  energy  to  this  work  by 
placing  your  arm’s  against  the  rock. 
So  the  body  can  be  called  a machine 
because  it  connects  energy  with  the 
place  where  the  energy  is  used  to 
do  work. 


The  human  body  is  really  a very 
fine  machine,  but  at  first  it  was  the 
only  machine  that  men  had.  With 
only  the  body  machine  to  use,  you 
can  imagine  how  difiicult  it  was  just 
to  keep  alive. 

Building  to  Direct  Energy 

As  early  man  worked  from  day  to 
day,  there  was  very  little  that  he 
could  do  to  make  his  work  less  diffi- 
cult. Everything  to  be  done  required 
the  use  of  his  own  energy. 

During  his  daily  travels  a man 
may  have  noticed  that  it  was  difii- 
cult to  walk  up  the  steep  side  of  a 
certain  hill.  One  day  he  may  have 
found  that  it  was  easier  to  move  up 
a side  of  the  hill  which  had  less  of  an 
incline,  or  slope.  It  was  an  impor- 
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tant  discovery  when  man  found  that 
it  was  easier  to  move  along  a gradual 
incline  than  a steep  one. 

Even  after  such  a discovery  was 
made,  it  probably  was  many  years 
before  anyone  realized  that  he  could 
build  an  inclined  path.  It  may  have 
happened  in  this  way:  A large  cave 
may  have  been  found  in  the  side  of 
a chff.  Perhaps  the  entrance  was  too 
high  above  the  ground  to  be  reached. 
In  order  to  examine  the  cave,  men 
may  have  piled  rocks  below  it.  It 
would  not  be  easy  to  climb  these 
rocks  to  get  in  and  out  of  the  cave. 
Someone  may  have  suggested  adding 
to  the  pile  of  rocks  to  make  a longer, 
more  gradual  incline. 

Then  as  the  incline  was  used,  ways 
of  improving  it  may  have  been  found. 


Perhaps  the  incline  was  lengthened 
so  that  it  would  be  more  gradual. 
Small  stones  may  have  been  used 
to  fill  in  between  the  larger  stones. 
This  would  make  a smoother  path. 
Soil  may  have  been  packed  on  top 
of  the  stones  to  make  travel  over  the 
inclined  path  easier. 

An  inclined  path  has  come  to  be 
called  an  inclined  plane.  When  early 
man  first  made  and  used  an  inclined 
plane,  he  had  invented  a machine. 
An  inclined  plane  is  a machine  be- 
cause it  connects  a source  of  energy 
with  the  spot  where  work  is  to  be 
done.  The  source  of  early  man’s 
energy  was  his  own  muscles.  At 
first  the  work  to  be  done  may  have 
been  just  to  lift  himself  to  high 
places  more  easily. 


Inclined  planes 


However,  after  man  had  learned 
to  build  an  inclined  plane,  he  was 
able  to  use  his  energy  to  do  many 
things  which  had  been  impossible 
before.  Objects  which  could  be 
moved  along  the  ground,  but  were 
too  heavy  to  lift,  could  now  be 
raised.  This  could  be  done  by  build- 
ing an  inclined  plane  to  the  desired 
height.  Then  instead  of  having  to 
lift  a heavy  object,  a man  would  only 
have  to  push  it  along  the  slope. 

An  Inclined  Plane  Helps 

You  have  probably  seen  and  used 
an  inclined  plane  many  times.  You 
may  have  ridden  your  bicycle  up  a 
hill,  and  you  surely  have  climbed  a 
flight  of  stairs.  You  probably  real- 
ized that  it  was  easier  to  climb  a 


gradual  slope  than  a steep  one.  But 
perhaps  you  did  not  realize  that  a 
flight  of  stairs  and  a road  going  up 
a hill  are  both  machines.  They  di- 
rect your  energy  so  that  the  work  of 
climbing  to  a particular  height  is 
made  easier. 

Here  is  an  experiment  some  boys 
did:  They  loaded  their  wagon  with 
rock  and  had  it  weighed  on  a large 
scale  at  a lumber  yard.  The  weight 
of  the  loaded  wagon  was  100  pounds. 

One  of  the  men  at  the  lumber  yard 
was  able  to  lift  the  loaded  wagon  1 
foot  from  the  ground.  He  had  to 
use  a great  deal  of  muscle  energy  to 
lift  it.  The  boys  were  not  able  to 


turns  pulling  the  wagon  up  the  3 -foot 
board.  They  pulled  just  enough  to 
keep  it  moving  up  the  board.  The 
scale  on  the  spring  balance  indicated 
that  they  were  pulling  with  a force 
of  about  34  pounds. 

Then  they  repeated  the  experi- 
ment, but  this  time  they  pulled  the 
wagon  up  the  5 -foot  board.  They 
found  that  they  had  to  pull  with  a 
force  of  only  about  20  pounds  to 
move  the  wagon  up  the  longer 
board.  It  was  easier  to  pull  the 
wagon  up  the  longer  board  than  the 
shorter  one  because  the  longer,  more 
gradual  slope  allowed  them  to  spread 
the  work  out  over  a greater  distance. 

When  the  man  lifted  the  wagon,  he 
pulled  with  a force  of  100  pounds  for 
a distance  of  1 foot.  By  pulling  the 


lift  the  wagon,  but  they  found  an- 
other way  to  raise  it  above  the 
ground.  To  do  this,  they  first  built 
a platform  of  dirt  a bit  wider  and 
longer  than  the  size  of  their  wagon. 
The  height  of  the  platform  was  1 foot. 

Then  the  boys  got  two  wide 
planks.  One  board  was  3 feet  long 
and  the  other  was  5 feet  long.  A 
board  was  placed  at  each  end  of  the 
dirt  platform,  as  you  see  in  the  pic- 
ture, to  form  an  inclined  plane.  The 
inclined  plane  formed  by  the  3 -foot 
board  was  steeper  than  that  formed 
by  the  5 -foot  board. 

The  boys  fastened  a spring  balance 
to  the  handle  of  the  wagon  and  took 


wagon  up  the  5-foot  incline,  the 
boys  were  able  to  pull  with  a force 
of  only  about  20  pounds,  but  they 
had  to  pull  the  wagon  a longer  dis- 
tance. When  they  pulled  with  a force 
of  about  20  pounds  a foot  for  a total 
of  5 feet,  they  had  to  use  about  the 
same  amount  of  muscle  energy  as 
the  man.  They  were  able  to  use  their 
energy  more  slowly,  however,  and  to 
spread  out  the  work  they  had  to  do. 

Later  the  boys  tried  the  same  ex- 
periment with  a different  wagon. 
When  this  wagon  was  loaded,  it  too 
weighed  100  pounds.  But  when  the 
boys  pulled  this  wagon  up  the  two 
inclined  planes,  they  found  that  they 


had  to  pull  with  a somewhat  greater 
force  than  before.  They  decided 
that  the  amount  of  friction  that  had 
to  be  overcome  made  the  difference. 
There  was  more  friction  when  the 
second  wagon  ‘was  used  than  there 
had.  been  with  the  first.  But  it  still 
was  easier  to  pull  the  wagon  up  the 
gentle  slope  than  the  steep  one. 

You  might  say  that*  you  can’t  get 
out  of  using  energy.  You  can  use  a 
machine,  such  as  an  inclined  plane, 
to  do  a little  work  at  a time.  It 
makes  the  work  seem  less  difficult, 
but  in  the  end  you  use  the  same 
amount  of  energy.  Of  course  the 
machine  also  allows  you  to  do  things 
you  might  not  otherwise  be  able 
to  do. 


Man  Concentrates  Energy 

In  addition  to  the  inclined  plane, 
early  men  invented  other  ways  of 
making  their  work  less  difficult.  No 
one  knows  exactly  when  or  how 
these  discoveries  were  made.  An- 
other important  discovery  may  have 
been  made  at  about  the  same  time 
that  men  were  learning  to  use  the 
inclined  plane. 

Perhaps  men  were  moving  rocks 
to  build  an  inclined  path.  Someone 
may  have  pushed  with  a stick  at  a 
rock  that  would  not  move.  The  stick 
may  have  slipped  and  become  lodged 
under  the  rock. 

As  the  stick  was  pulled  to  free  it, 
the  rock  may  have  moved.  Such  a 
happening  would  have  been  truly 
astounding.  Probably  the  stick  was 
pushed  under  the  rock  again  in  order 
to  find  out  whether  this  really  would 
cause  the  rock  to  move.  Now  each 


time  a man  had  to  move  a heavy 
rock  he  could  use  a stick  to  make  the 
work  less  difficult.  With  it  he  could 
move  rocks  which  he  had  not  been 
able  to  move  before,  even  with  all 
the  energy  that  he  could  muster.  To 
this  early  man  the  stick  must  have 
seemed  to  multiply  his  energy. 

A stick  used  in  this  way  has  come 
to  be  called  a lever.  A lever  does 
not  really  multiply  energy.  Instead 
it  concentrates  the  energy  in  one 
spot.  You  might  say  that  the  lever 
gathers  the  energy  so  that  the  great- 
est possible  amount  of  work  can 
be  done  with  it.  All  the  energy 
necessary  to  move  the  rock  was  in 
the  muscles  of  that  early  man.  The 
muscle  energy  of  the  man  really 
moved  the  rock.  The  lever  allowed 
the  man  to  direct  and  concentrate 
his  energy  so  that  it  would  be  at  the 
right  place  at  the  right  time. 
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How  Levers  Work 

Like  the  inclined  plane  the  lever 
is  a machine  which  connects  a source 
of  energy  with  the  spot  where  work 
is  to  be  done.  The  following  experi- 
ments may  help  you  to  understand 
how  levers  work.  You  will  need  a 
board  about  3 feet  long,  3 inches 
vdde,  and  f inch  thick.  You  will 
also  need  a block  of  wood  about  6 
inches  long,  4 inches  wide,  and  2 
inches  thick.  In  addition  you  should 
have  some  nails  and  a brick. 

After  you  have  gathered  your 
materials,  place  the  brick  on  one  end 
of  the  board.  Drive  two  small  nails 
into  the  board  on  each  side  of  the 
brick  as  you  see  in  the  picture.  Hold 


the  brick  in  position  and  place  the 
board  so  that  its  center  is  over  the 
block  of  wood.  Now  use  the  board 
as  a lever  by  pushing  down  on  its 
upper  end.  The  brick  will  rise  into 
the  air.  You  are  lifting  the  brick 
by  using  your  muscle  energy. 

You  might  push  down  on  the 
board  again  and  ask  someone  to 
measure  the  distance  through  which 
the  brick  moved.  Then  let  the  brick 
down  on  the  table  again  and  measure 
the  distance  from  the  table  to  the 
upper  end  of  the  board.  This  will 
show  you  how  far  your  hand  moved. 
You  will  need  to  keep  a record  of 
these  two  figures. 

The  point  where  the  board  rests 
on  the  block  of  wood  is  called  the 
fulcrum  of  the  lever.  How  well  a 
lever  works  depends  partly  upon  the 
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distance  of  the  fulcrum  from  the 
source  of  energy  and  from  the  work 
to  be  done.  When  your  hand  and 
the  brick  are  about  equally  distant 
from  the  fulcrum,  you  will  probably 
find  that  they  move  about  the  same 
distance  through  space. 

Let’s  change  the  distances  between 
the  brick,  the  fulcrum,  and  your 
hand.  Move  the  block  of  wood  so 
that  it  is  halfway  between  the  center 
of  the  board  and  the  end  where  you 
put  your  hand.  Now  the  brick  is 
farther  away  from  the  block  of  wood 
than  your  hand  is.  Lift  the  brick 
again  to  the  same  height  as  before. 


Is  it  more  difficult  to  lift  this  time? 
Notice  that  although  the  brick  has 
moved  as  far  as  before,  your  hand 
has  moved  through  less  space. 

You  can  experiment  with  the  block 
in  different  positions.  You  wiU  find 
that  when  the  brick  is  nearer  the 
block  of  wood  than  your  hand  is, 
your  hand  will  move  fsu*ther  through 
space.  This  spreads  the  work  out 
and  makes  the  brick  easier  to  lift. 

In  the  picture  below  are  several 
different  levers  you  may  have  used. 
Look  for  the  source  of  energy  and 
the  fulcrum  in  each.  What  is  the 
work  to  be  done? 
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Man  Reduces  Friction 

Both  the  inclined  plane  and  the 
lever  were  basic  machines  used  by 
early  men  to  make  work  less  difficult. 
But  it  still  took  a great  deal  of 
muscle  energy  to  move  things  along 
the  ground  or  on  an  inclined  plane. 

Part  of  early  man’s  day-to-day 
work  was  hunting  for  food  and  gath- 
ering firewood.  Probably  his  next 
big  invention  came  from  the  desire 
to  make  this  work  less  difficult. 
Someone  may  have  found  that  it 
was  easier  to  move  food  or  firewood 
when  it  was  piled  on  branches  of 
trees  which  had  been  tied  together. 
It  was  less  difficult  to  pull  things  on 
this  crude  sledge  than  to  carry  or 
drag  them  over  the  rough  ground. 

The  sledge  was  one  of  man’s  early 
attempts  to  reduce  friction.  His 
next  successful  attempt  was  when 
he  puUed  the  sledge  over  logs  instead 
of  over  the  ground. 

Logs  were  placed  in  front  of  the 
sledge.  The  logs  rolled  as  the  sledge 


was  puUed  over  them.  After  the 
sledge  passed  over  them,  they  were 
picked  up  and  put  in  front  of  it 
again.  This  had  to  be  done  many 
times  as  the  load  was  moved  along. 
Even  though  it  was  slow,  hard 
work,  it  was  easier  to  use  log  rollers 
than  to  drag  huge  loads  over  the 
ground. 

For  many  years  men  used  a sledge 
and  rollers  to  move  heavy  loads. 
Gradually,  over  a long  period  of 
time,  changes  were  made  in  the 
rollers.  It  was  found  that  a log  with 
a wide  diameter  made  a sledge  move 
more  easily  than  a log  with  a small 
diameter.  It  was  very  difficult  to 
handle  large  logs.  So  the  larger  logs 
were  cut  into  disks  and  these  were 
attached  to  each  end  of  a smaller 
log.  The  wide  diameter  of  the  large 
disks  made  rolling  easier. 


Today  much  of  our  daily  living 
is  affected  by  this  early  invention. 
Wheels  play  a major  role  not  only 
in  our  transportation,  but  in  our 
homes  and  factories  as  well. 


A Windlass 


In  the  picture  above  you  can  see 
how  a small  log  would  be  raised  by 
the  addition  of  a large  disk  to 
each  end.  At  first  each  disk  was  at- 
tached to  the  log  so  that  when  the 
disk  turned,  the  log  also  turned. 
The  log  would  have  to  be  replaced 
in  front  of  the  sledge  after  the  sledge 
had  been  pulled  over  it. 

You  have  probably  thought  that 
this  combination  of  disks  and  log 
looks  very  much  like  wheels  and  an 
axle.  You  are  right!  It  took  a long 
time,  however,  before  someone  real- 
ized that  the  disks  could  be  attached 
so  that  they  were  free  to  roll  whether 
the  log  turned  or  not.  Then  the 
log  could  be  fastened  to  the  sledge. 
These  disks  were  the  first  crude 
wheels.  No  doubt  they  were  heavy 
and  bumped  along  the  road,  but  it 
was  easier  and  quicker  to  move  the 
load  when  wheels  were  used. 


In  the  picture  below  you  can  see 
a kind  of  wheel  and  axle  called  a 
windlass.  It  can  be  used  to  lift  a 
bucket  of  water  from  a well.  A com- 
plete turn  of  the  wheel  causes  the 
rope  to  wind  once  around  the  axle. 
As  the  wheel  turns,  the  bucket 
comes  nearer  the  top  of  the  well. 
To  lower  the  bucket,  the  wheel  is 
turned  in  the  opposite  direction. 

You  might  make  a windlass  with 
which  to  experiment.  You  will  need 
a wooden  base  and  two  pieces  of 
wood  about  24  inches  long  for  the 
side  pieces.  For  the  wheel  of  the 
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windlass  you  can  use  a disk  of  wood 
or  a discarded  wheel  from  a wagon 
or  bicycle.  A wooden  rod  such  as  a 
piece  of  a broomstick  will  serve 
very  well  as  the  axle.  It  should  be 
about  18  inches  long.  You  will  also 
need  some  nails,  rope,  and  two 
bricks. 

First,  bore  a hole  about  2 inches 
from  one  end  of  each  of  the  wooden 
side  pieces.  Make  the  holes  large 
enough  for  the  wooden  rod  to  move 


freely  in  them.  Next  nail  these 
pieces  of  wood  to  the  base  in  an  up- 
right position,  just  as  you  see  in 
the  picture  at  the  left. 

A wheel  should  be  attached  to  one 
end  of  the  rod  so  that  when  the 
wheel  turns,  the  rod  also  turns. 
Now  insert  the  rod  in  the  holes 
which  you  bored.  It  would  be  a 
good  idea  to  drive  a nail  part  way 
into  the  rod  on  each  side  of  the 
upright  pieces.  These  will  keep  the 
rod  from  slipping  through  the  holes. 
Then  fasten  a piece  of  rope  to  the 
rod  with  a nail.  Turn  the  wheel 
several  times  to  wrap  some  of  the 
rope  around  the  rod. 

Now  the  windlass  is  ready  to  use. 
You  can  raise  books  or  other  weights 
with  it  by  attaching  them  to  the 
rope.  Tie  two  bricks  together  and 
attach  them  to  the  windlass,  as  you 
see  in  the  picture  below.  As  you  use 


your  muscle  energy  to  turn  the  wheel 
of  the  windlass,  the  bricks  will  be 
moved  upward.  Of  com’se  you  know 
that  the  wooden  rod  forms  the  axle 
of  the  windlass.  Each  turn  of  the 
wheel  raises  the  weight  one  turn  of 
the  axle. 

You  can  try  an  experiment  with 
a second  wheel.  One  wheel  should  be 
larger  than  the  other.  The  diameter 
of  the  larger  wheel  should  be  about 
twice  that  of  the  smaller.  As  you 
can  see  in  the  picture,  the  small 
wheel  is  attached  to  one  end  of  the 
rod  and  the  larger  wheel  to  the  other 
end. 

Now  you  can  raise  the  bricks  by 
turning  either  one  of  the  wheels. 
Use  the  smaller  wheel  to  raise  them 


about  1 foot  from  the  ground.  Now 
use  the  larger  wheel  to  raise  them 
the  same  distance.  Do  you  notice 
a difference  as  you  turn  the  wheels? 
With  which  wheel  is  it  easier  to 
raise  the  bricks? 

You  may  be  surprised  to  find  that 
it  seems  to  be  less  difficult  to  raise 
the  bricks  with  the  larger  wheel  than 
with  the  smaller  wheel.  Hold  your 
hand  on  the  rim  of  the  larger  wheel 
and  make  one  complete  turn.  Do 
the  same  with  the  smaller.  To  make 
one  turn  of  the  larger  wheel,  you 
must  move  your  hand  through  a 
greater  distance  than  when  you  make 
a turn  of  the  smaller  wheel.  For 
each  turn  of  either  wheel  the  bricks 
are  moved  the  same  distance,  be- 
cause each  raises  the  weight  one 
turn  of  the  axle. 
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Remember  it  takes  a certain 
amount  of  muscle  energy  to  raise  the 
bricks  1 foot  from  the  ground.  You 
use  the  same  amount  of  energy  to 
raise  them  no  matter  which  wheel 


you  turn.  If  you  use  the  larger 
wheel,  you  use  your  energy  more 
slowly  and  over  a longer  distance. 
This  makes  it  seem  easier  to  do  the 
work. 


Experimenting  with  Basic  Machines 


We  have  read  that  early  man  in- 
vented the  inclined  plane,  the  lever, 
and  the  wheel  and  axle.  These 
three  are  all  basic  machines.  There 
are  three  other  basic  machines:  the 
wedge,  screw,  and  pulley.  Each  of 
these  machines  was  invented  thou- 
sands of  years  ago. 

Most  people  usually  call  these  the 
six  simple  machines.  We  have  called 
them  basic  machines  because  all 


others  are  made  by  combining  these 
six.  The  invention  of  the  six  basic 
machines  gave  man  a way  of  direct- 
ing and  using  his  energy  more  effec- 
tively. These  inventions  are  prob- 
ably the  most  important  which  man 
has  ever  made. 

Each  of  the  six  inventions  took 
many  hundreds  of  years  to  produce. 
Probably  many  men  had  a part  in 
producing  them. 


The  Wedge 

A wedge  is  one  of  the  basic  ma- 
chines. You  will  be  able  to  define 
it  for  yourself  after  examining  one. 
Look  at  a knife  blade.  Press  one 
side  of  the  blade  flat  against  a table. 
You  can  see  that  the  blade  slopes  up 
from  its  cutting  edge  to  form  an 
inclined  plane.  Now  turn  the  knife 
over  and  look  at  the  other  side  of 
the  blade.  It  too  forms  an  inclined 
plane.  A knife,  then,  has  two  in- 
clined planes.  It  is  a wedge. 

All  wedges  work  in  the  same  way. 
They  work  by  pushing  and  prying 
something  apart.  When  you  cut 
meat,  the  sharp  edge  of  the  knife 
opens  the  meat  or  pushes  it  apart. 
Then  the  inclined  planes  pry  the 
two  sides  still  farther  apart. 


In  cutting  down  a large  tree 
woodsmen  use  a wedge  that  they 
drive  into  the  crack  made  by  the 
saw.  The  sides  of  the  wedge  help 
to  push  the  wood  apart.  Then  it  is 
easier  to  saw  the  tree.  The  ax  you 
use  in  chopping  down  a tree  or 
splitting  wood  for  kindling  is  also  a 
wedge.  It  would  be  very  difficult  to 
get  these  jobs  done  without  the  use 
of  this  basic  machine. 

Some  wedges  are  easier  to  use  than 
others.  A long,  thin  wedge  is  used 
more  easily  than  a short,  thick  one. 
You  can  find  this  out  by  making 
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two  wedges  and  using  them.  Gut  two  wedges  out  of 
wood  like  the  ones  you  see  at  the  left.  Wedge  A and 
Wedge  B should  be  the  same  thickness  at  the  thick  end. 
But  Wedge  B should  be  longer. 

Take  the  two  wedges  out  of  doors  and  with  a hammer 
pound  them  into  the  ground.  You  will  find  that  it  is 
easier  to  pound  Wedge  B into  the  ground.  How  would 
you  explain  this?  Remember  that  the  thick  end  of 
Wedge  A is  the  same  thickness  as  that  of  Wedge  B. 


The  Screw 


If  you  look  at  a screw,  you  will  see  a tiny  strip  of 
metal  that  winds  along  it.  This  is  called  the  thread. 
Here  is  something  you  might  do  to  learn  more  about  the 
thread  of  a screw: 

Take  a sheet  of  paper  and  draw  a line  from  one  corner 
to  the  opposite  corner.  Now  cut  along  the  line  you  have 
drawn.  You  will  have  two  pieces  of  paper  that  have 
three  sides  each.  One  side  looks  like  an  inclined  plane. 

Hold  the  short  side  of  one  of  the  pieces  of  paper 
against  the  length  of  your  pencil.  The  drawings  below 
will  help  you  to  get  started.  Now  wind  the  paper  around 
your  pencil.  The  inclined  plane  of  the  paper  makes  a 
spiral  that  resembles  the  thread  on  the  screw. 


Look  at  a bolt  and  nut.  You  can 
see  the  thread  winding  around  the 
outside  of  the  bolt.  Now  look  at  the 
nut.  The  threads  are  inside  the  nut. 
Put  the  nut  on  the  end  of  the  bolt 
and  begin  turning  it.  It  moves  for- 
ward along  the  bolt.  Now  turn  it  in 
just  the  opposite  direction.  The  nut 
moves  backward. 

Some  automobile  jacks  work  in 
much  the  same  way  as  the  bolt  and 
nut.  The  screw  in  the  jack  fits  into 
a hollow  tube.  The  tube  has  threads 
inside  it,  just  as  the  nut  has.  The 
screw  moves  upward  along  the 
threads  inside  the  tube.  It  moves 
in  the  same  way  as  the  nut  moves 
forward  on  the  bolt. 

As  the  screw  moves  upward,  it 
raises  the  car.  To  lower  the  car,  you 
turn  the  handle  of  the  jack  in  the 
opposite  direction.  The  screw  moves 
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downward  in  the  same  way  that  the 
nut  moves  backward  on  a bolt. 

The  screw  is  a basic  machine, 
which  man  has  invented  to  direct 
his  energy.  When  man  uses  the 
screw  as  a machine,  he  can  direct 
energy  in  such  a way  that'  work 
seems  to  be  less  difficult. 

How  Pulleys  Work 

If  you  look  closely  at  the  pulley 
used  in  moving  a flag  to  the  top  of 
a flagpole,  you’ll  see  a small  wheel. 
The  wheel  has  a rim  on  each  side  of 
it.  This  prevents  the  rope  from 


slipping  off  the  wheel.  As  the  rope  moves  smoothly  over 
the  wheel,  the  wheel  turns.  If  you  wish  to  experiment 
with  pulleys,  first  make  a support  like  the  one  you  see  in 
the  picture  at  the  left.  You  may  attach  it  to  a wall  or 
build  a stand  for  it.  Next  fasten  a pulley  to  a hook  on 
the  support.  Put  a rope  over  the  pulley  wheel.  Now  you 
are  ready  to  begin  your  experiments. 

Tie  two  bricks  together  and  fasten  a spring  balance  to 
them.  Lift  the  bricks  about  1 foot  from  the  floor.  Look 
at  the  spring  balance  to  see  how  much  the  bricks  weigh. 
This  will  tell  you  how  much  force  you  used  in  lifting  them. 

Then  tie  the  bricks  to  one  end  of  the  rope  you  put 
over  the  pulley.  Tie  the  spring  balance  to  the  other  end 
of  the  rope,  as  you  see  in  the  picture  below.  Lift  the 
bricks  about  1 foot  from  the  floor  by  pulling  down  on  the 
spring  balance.  Notice  that  you  have  to  pull  the  rope  a 
distance  of  about  1 foot  to  lift  the  bricks  1 foot. 

Read  the  weight  on  the  spring  balance.  The  weight  is 
about  the  same  as  when  you  lifted  the  bricks  without 
the  help  of  the  pulley.  But  when  you  lifted  the  bricks, 
you  had  to  pull  up.  When  you  used  the  pulley,  you 


pulled  down.  Used  in  this  way,  the 
pulley  is  a machine  with  which  you 
have  directed  your  energy  so  you 
could  pull  down  instead  of  up. 

You  will  need  to  add  another  pul- 
ley to  do  the  next  part  of  the  experi- 
ment. The  picture  at  the  top  of  the 
page  shows  how  to  use  two  pulleys. 
The  rope  is  tied  to  the  bottom  of  the 
single  pulley.  Then  it  goes  down 
and  around  the  second  pulley.  The 
rope  then  goes  up  over  the  wheel  of 
the  single  pulley  and  is  fastened  to 
the  spring  balance.  The  bricks  are 
fastened  to  the  second  pulley. 

Now  you  are  ready  to  lift  the 
bricks.  Pull  the  spring  bsdance  to- 
ward you.  Lift  the  bricks  about 


1 foot  from  the  floor,  just  as  you  did 
before.  Look  at  the  spring  balance 
to  see  how  much  force  it  takes  to 
lift  the  bricks.  You  will  use  about 
one  half  the  amount  of  force  you 
used  before.  But  notice  that  you 
had  to  pull  the  rope  twice  as  far. 

In  both  experiments  you  lifted  the 
bricks  by  using  your  own  muscle 
energy.  To  lift  the  bricks  1 foot 
takes  a definite  amount  of  energy. 
So  you  used  the  same  amount  of 
muscle  energy  in  both  experiments. 
With  the  two  pulleys  the  spring 
balance  registered  only  half  the  force, 
but  you  had  to  use  that  force  through 
twice  the  distance.  So  you  use  as 
much  energy  in  the  end.  But  the 
two-pulley  system  allows  you  to 
spread  the  work  out  and  it  seems 
less  difficult. 
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Energy  Where  Man  Needs  It 


Energy  is  most  helpful  when  it 
can  be  moved  to  the  place  where  it 
can  be  used  to  do  work.  Even 
man’s  own  muscle  energy  would  be 
of  little  value  if  he  could  not  direct 
it  by  use  of  his  body  machine.  The 
six  basic  machines  give  us  ways  of 
directing  our  energy.  They  allow  us 
to  do  a little  work  at  a time.  When 
we  spread  the  work  out,  it  seems  less 
difficult.  Our  energy  is  used  to 
better  advantage. 

At  first  man  used  the  basic  ma- 
chines to  direct  his  own  energy.  Then 
by  making  combinations  of  these  ba- 
sic machines,  he  found  that  he  could 
direct  energy  from  other  sources. 


In  time  he  became  aware  that  he 
was  surrounded  by  great  quantities 
of  energy.  He  felt  the  force  of 
the  wind.  He  saw  the  rush  of  mov- 
ing water.  He  became  aware  that 
wind  and  water  were  sources  of 
energy  that  he  could  use.  To  use 
them,  he  had  to  be  able  to  direct 
the  energy  to  the  place  where  work 
was  to  be  done. 

A machine  made  by  combining 
basic,  or  simple,  machines  is  called  a 
complex  machine.  With  complex 
machines  man  is  able  to  direct  energy 
from  many  different  sources  to  do 
his  work.  What  basic  machines  do 
you  find  in  the  picture  above? 
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LEARNING  MORE  ABOUT  MACHINES 


1.  In  the  picture  you  can  see  a 
power  shovel  which  man  is  able  to 
use  for  many  different  jobs.  As  you 
can  see,  it  is  being  used  to  remove 
soil,  and  with  each  scoop  of  the 
shovel  a lot  of  work  is  being  done. 

What  is  the  source  of  the  energy 
which  man  is  putting  to  work?  How 
is  he  directing  the  energy  to  the 
place  where  the  work  is  being  done? 

The  power  shovel  is  a complex 
machine  which  man  uses  to  direct 
the  energy  from  fuel  to  do  work. 
What  are  some  of  the  basic  machines 
which  have  been  combined  to  make 
this  complex  machine?  You  might 
begin  by  examining  the  shovel  arm. 
What  kind  of  basic  machine  is  it? 


2.  Examine  some  other  complex 
machines.  What  work  is  done  with 
the  machine?  What  is  the  source  of 
the  energy  which  is  used  to  do  the 
work?  What  combination  of  basic 
machines  is  used  to  direct  the  energy 
to  the  place  where  the  work  is  done? 

3.  You  might  examine  a pair  of 
scissors  and  a nutcracker.  Each  of 
these  simple  machines  is  a lever. 
Where  is  the  fulcrum  and  the  source 
of  energy?  What  is  the  work  to  be 
done? 

4.  A wheelbarrow  is  a combination 
of  two  basic  machines:  the  wheel 
and  the  lever.  Of  course  the  wheel 
is  easy  to  see.  But  can  you  find 
the  lever? 


The  Earth’s  Airways  and  Beyond 


Man  and  the  Air  Around 


In  recent  years  man  has  lifted  himself  from  the  ground! 
He  has  found  ways  of  moving  through  the  air. 

Balloons,  dirigibles,  airplanes,  helicopters,  ''jets,”  and 
rockets  are  aU  very  familiar  to  us.  Fifty  years  ago,  how- 
ever, during  your  grandfather’s  boyhood,  many  of  these 
things  had  never  been  heard  of. 

Now  almost  everyone  talks  about  flying.  Whenever 
we  look  toward  the  sky,  we  may  see  an  airship  of  one 
kind  or  another. 

Man  found  a new  freedom  when  he  took  to  the  air. 
High  mountains,  jungles,  and  wide  seas  had  always 
made  it  difficult  for  him  to  travel.  Trips  from  one  part 
of  the  earth  to  another  used  to  take  long  periods  of 
time.  Today,  in  some  of  our  fastest  airliners,  it  only 
takes  a few  hours  to  go  from  San  Francisco  to  New  York. 
As  the  air-traveler  looks  down  from  the  sky,  he  sees  a 
vast  landscape  made  up  of  mountains  and  other  ob- 
stacles, which  used  to  make  travel  over  the  earth  so 
difficult. 
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Airplanes — How  They  Fly 


The  first  successful  flight  of  an 
airplane  took  place  in  1903.  Two 
brothers,  Orville  and  Wilbur  Wright, 
were  the  men  who  made  the  flight 
possible.  This  great  event  took  place 
at  Kitty  Hawk,  North  Carolina. 

More  than  100  years  earlier,  the 
first  passenger  balloon  had  been 
flown  successfully.  Balloons  are  able 
to  rise  above  the  ground  because 
they  are  filled  with  gas  that  is  lighter 
than  air.  Dirigibles  too  rise  because 
the  gas  which  they  contain  weighs 
less  than  the  surrounding  air. 

The  airplane  flown  by  the  Wright 
brothers  differed  greatly  from  previ- 


ous aircraft.  No  lighter-than-air  gas 
was  used  to  lift  this  airship.  In  fact, 
this  first  successful  airplane  weighed 
about  800  pounds. 

This  was  really  a remarkable  event! 
Here  was  something  that  was  very 
heavy  and  yet  it  could  move  through 
the  air.  This  seemed  very  difficult 
to  understand.  After  all,  people  had 
long  observed  that  anything  heavy 
would  fall  to  the  ground  unless  sup- 
ported; that  is,  anything  except 
birds.  However,  birds  weigh  much 
less  than  800  pounds. 

Some  of  our  present-day  airliners 
weigh  about  130,000  pounds.  How 
are  they  able  to  lift  such  a tremen- 
dous weight?  Why  don’t  they  fall 
to  the  ground? 


Air  over  the  Wing 

It  is  the  wings  of  airplanes  which 
make  flying,  as  we  know  it,  possible. 
Notice  the  shape  of  an  airplane 
wing.  The  front,  or  leading,  edge  of 
the  wing  is  thicker  than  its  trailing 
edge.  The  top  of  the  wing  is  curved, 
but  the  underside  is  almost  flat. 
Each  wing  is  attached  to  the  fuselage 
in  such  a way  that  it  tilts  slightly, 
just  as  you  see  in  the  pictures  on  this 
page. 

Air  presses  on  all  parts  of  the 
plane  and  wings.  As  the  plane 
moves  through  the  air,  the  curved 
edge  of  the  wing  slices  the  air.  Some 
of  the  air  flows  over  the  wing.  An- 


other stream  of  air  moves  under  the 
wing.  We  are  told  that  both  streams 
of  air  reach  the  back  edge  of  the 
wing  at  the  same  time. 

Look  at  the  drawings  on  this  page 
of  an  airplane  wing.  You  can  see 
that  the  distance  over  the  top  of  the 
wing  is  greater  than  the  distance 
under  the  wing. 

The  stream  of  air  that  goes  over 
the  top  of  the  wing  has  farther  to 
travel  than  the  stream  that  goes  be- 
low the  wing.  If  both  streams  of  air 
reach  the  trailing  edge  at  the  same 
time,  the  air  over  the  top  of  the 
wing  must  travel  faster  than  the 
stream  of  air  passing  under  the  wing. 
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Air  Loses  Pressure 

The  stream  of  air  that  moves  over  an  airplane  wing 
loses  some  of  its  push,  or  pressure.  This  loss  of  push  is 
brought  about  as  the  air  begins  to  move  faster. 

To  help  you  understand  that  faster-moving  air  has 
less  pressure,  you  might  do  an  experiment.  You  will 
need  two  pieces  of  paper  each  about  6 inches  square, 
two  pencils,  and  a soda  straw.  Paste  the  opposite  edges 
of  each  square  of  paper  together  so  that  each  will  form 
a hollow  tube.  Lay  the  pencils  on  the  desk  about  3 
inches  apart.  Place  the  paper  tubes  across  the  pencils 
about  1 inch  apart,  as  you  see  in  the  picture  at  the  left. 
Take  the  soda  straw  and  blow  between  the  two  tubes. 
The  two  paper  tubes  roll  together! 

When  you  blow  through  the  straw,  the  air  moves 
rapidly  between  the  paper  tubes.  The  fast-moving  air 
between  the  tubes  has  less  pressure  than  the  air  on  the 
outer  sides  of  the  tubes.  The  greater  amount  of  air  pres- 
sure on  the  outer  sides  of  the  tubes  pushes  the  tubes 
together. 


Now  blow  across  the  top  edge  of 
the  paper  wing.  Blow  hard!  Do  you 
see  how  the  wing  rises?  The  faster 
you  get  the  air  going  over  the  top  of 
the  wing,  the  more  the  wing  will  rise. 

Vary  the  way  you  blow  air  over 
the  wing.  Blow  hard,  then  blow 
more  gently,  and  then  increase  your 
blowing  again.  As  you  do  this,  the 
wing  will  rise,  go  down,  and  then 
rise  again. 

You  are  really  changing  the  air 
speed  over  the  top  of  the  wing.  As 
you  increase  the  air  speed,  the  pres- 
sure on  top  of  the  wdng  is  lowered. 
The  greater  pressure  on  the  bottom 
of  the  wing  pushes  it  up. 


Air  moves  very  fast  over  the  top 
of  an  airplane  wing.  It  moves  under 
the  wing  more  slowly.  The  air  below 
the  wing  has  more  pressure  than  the 
faster-traveling  air  above.  More 
pressure  under  the  wing  pushes  the 
wing  upward.  When  this  happens, 
the  wing  lifts.  We  say  that  the  force 
of  lift  helps  to  keep  the  plane  in  the 
air. 

You  might  make  a paper  wing 
which  will  show  how  moving  air 
helps  to  lift  an  airplane.  Cut  out  a 
piece  of  paper  about  2 inches  wdde 
and  6 inches  long.  Attach  the  paper 
to  a wooden  stand,  just  as  you  see 
in  the  picture.  Notice  that  the  un- 
attached end  of  the  paper  wing  will 
fall  toward  the  ground. 
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The  Propeller 

Of  course  an  airplane  does  not 
only  lift,  but  also  moves  forward. 
You  might  say  that  a plane  is 
pulled  forward  through  the  air  by 
its  propellers.  In  fact,  a propeller 
could  be  thought  of  as  working  much 
like  a screw.  Have  you  ever  put  a 
screw  into  a piece  of  wood  with  a 
screwdriver?  As  the  screw  turns,  it 
is  forced  into  the  wood.  The  faster 
you  turn  the  screw,  the  faster  the 
screw  goes  into  the  wood. 

Now  think  of  an  airplane.  An 
engine  of  a plane  turns  its  propeller 
much  as  a screw  is  turned.  The 
blades  of  a propeller  are  twisted. 
The  twisted  blades  slice  through  the 
air  and  force  air  toward  the  back  of 


the  plane.  As  the  air  moves  back- 
ward, the  plane  moves  forward.  The 
faster  the  propeller  spins,  the  faster 
it  pulls  the  plane  through  the  air. 

The  propeller  has  to  turn  rapidly 
and  pull  the  plane  forward  along  the 
ground  before  the  wings  lift.  As  the 
plane  moves,  much  air  passes  over 
and  under  the  wings.  The  faster  the 
plane  moves  along  the  ground,  the 
faster  the  air  moves  over  the  wings. 
When  there  is  enough  difference  in 
the  pressure  of  the  air  above  and 
below  the  wings,  the  plane  will  rise. 

So  you  see  it  is  necessary  for  the 
plane  to  move  forward  on  the  ground 
before  air  moves  fast  enough  over 
the  wings  to  provide  lift  for  the 
plane. 
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The  force  which  moves  the  plane 
forward  is  called  thrust.  We  have 
seen  how  thrust  is  created  by  a pro- 
peller turned  by  an  engine.  Let’s  see 
another  way  in  which  an  aircraft  can 
be  thrust,  or  sent  forward,  through 
the  air. 

Jet  Planes 

Perhaps  you  have  heard  the  sound 
of  a plane  roaring  overhead.  When 
you  looked  up  to  see  it,  it  was  gone. 
You  may  have  seen  only  some  trails 
of  vapor  left  behind.  The  plane  you 
heard  was  probably  a jet  plane. 

Many  jet  planes  do  not  have  pro- 
pellers. Neither  do  they  have  gaso- 
line engines  as  ordinary  airplanes  do. 
Yet  they  are  thrust  through  the  air 


at  great  speeds.  Such  planes  re- 
ceive their  thrust  from  jet  engines. 

You  can  make  something  which 
resembles  a jet  engine  by  using  a 
balloon.  Blow  air  into  the  balloon. 
Then  without  fastening  the  balloon, 
throw  it  into  the  air.  It  will  whirl 
around  the  room  in  jet-propelled 
flight. 

A blast  of  air  comes  out  through 
the  opening  in  the  balloon.  This  air 
pushes  the  balloon  along.  As  the  air 
rushes  out  from  the  neck  of  the  bal- 
loon, there  is  a push  in  the  opposite 
direction.  As  long  as  the  air  rushes 
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out  of  the  balloon,  the  balloon  keeps 
on  moving  through  the  au\  Air 
rushes  out  in  one  direction,  and 
the  balloon  moves  in  the  opposite 
direction. 

A jet  engine  pushes  a plane  for- 
ward in  much  the  same  way  as  the 
balloon  was  moved  through  the  air. 
To  get  this  thrust,  a jet  engine  uses 
air  from  the  atmosphere.  The  air  is 
taken  into  the  engine  and  is  pressed 
into  a small  space,  or  compressed. 


Then  some  fuel,  usually  kerosene,  is 
pumped  into  the  compressed  air. 
As  the  fuel  burns,  the  hot  gases 
expand  very  rapidly.  They  rush  out 
through  an  opening  at  the  back  of 
the  engine.  This  pushes  the  jet 
plane  forward. 

The  hot  gases  provide  thrust  for 
a jet  plane,  just  as  the  escaping  air 
did  for  the  balloon.  They  push  a 
jet  plane  through  the  air  at  terrific 
speeds. 


Je+  engine 


Turbine  wheel 


^.^Tl  to 


Some  jet  planes  have  traveled 
faster  than  sound.  We  usually  say 
that  sound  travels  about  760  miles 
an  hour.  Certain  types  of  planes 
have  traveled  more  than  1300  miles 
per  hour. 

Just  think!  At  that  speed  it  would 
take  a little  less  than  two  hours  to 
go  from  one  coast  of  the  United 
States  to  the  other.  You  could 
leave  New  York  at  8 a.m.  one  morn- 
ing and  arrive  in  San  Francisco  about 
7 A.M.  the  same  morning.  Because 
of  the  difference  in  time  between 
the  two  cities,  you  would  arrive  in 
San  Francisco  at  an  earlier  hour 
than  that  at  which  you  left  New 
York. 


Gravity  and  Drag 

Another  very  important  force  that 
acts  on  a plane  in  flight  is  grav- 
ity. Gravity  is  the  force  which  pulls 
everything  toward  the  earth.  Before 
man  could  fly  in  a plane  that  was 
heavier  than  air,  he  had  to  design  a 
wing  that  would  overcome  the  pull 
of  gravity.  The  wings  of  a plane 
provide  its  lift. 

In  order  to  stay  in  the  air,  a plane 
must  be  thrust  forward.  As  long  as 
it  moves  fast  enough  through  the  air 
so  that  the  force  of  lift  is  stronger 
than  the  force  of  gravity,  a plane 
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planes  are  streamlined.  Streamlining 
reduces  the  amount  of  drag  on  a 
plane  in  flight. 


will  fly.  Whenever  the  force  of 
lift  becomes  less  than  the  force  of 
gravity,  a plane  will  sink  to  the 
earth. 

As  a plane  moves  forward,  air 
rubs  against  the  wings,  the  body,  and 
other  parts  of  the  plane.  There  is 
friction  between  the  air  and  all  parts 
of  a plane.  The  force  of  this  fric- 
tion is  called  drag.  The  more  drag, 
the  harder  it  is  to  thrust  a plane 


through  the  air.  For  a plane  to  move 
forward  in  flight,  the  force  of  drag 
must  be  less  than  thrust. 

There  are  some  parts  of  the  plane 
that  do  not  help  to  lift  or  pull  the 
plane.  Today  these  parts  are  de- 
signed to  lessen  the  amount  of  drag. 
Look  at  the  different  planes  in  the 
pictures  below.  These  are  some  of 
the  first  planes  and  some  that  we  use 
today.  You  can  see  that  present-day 


Four  Forces 

Look  at  the  drawing  of  a plane  on 
this  page.  It  shows  the  four  forces 
which  act  on  a plane  when  it  is  fly- 
ing. They  are  thrust  and  lift,  drag 
and  gravity.  Thrust  and  lift  must 
be  stronger  than  the  forces  of  drag 
and  gravity  if  the  plane  is  to  fly. 

Every  plane  has  a slow-flying 
speed  at  which  it  can  continue  to 
move  through  the  air.  If  a plane 
moves  slower  than  this  flying  speed, 
the  forces  of  drag  and  gravity  be- 
come greater  than  the  forces  of 
thrust  and  lift.  When  this  happens, 
the  plane  may  begin  to  drop  down- 
ward toward  the  earth.  A crash 


may  occur  if  the  plane  does  not 
regain  its  flying  speed. 

Careful  balancing  between  these 
four  forces  provides  the  way  to  con- 
trol the  flight  of  a plane.  As  a 
plane  is  landing,  a very  delicate  bal- 
ance is  maintained  between  these 
forces.  The  flying  speed  is  continu- 
ally decreased  as  the  plane  comes  in 
for  the  landing.  When  the  wheels 
are  about  to  touch  the  runway,  the 
pilot  points  the  nose  of  the  plane  up 
slightly.  This  increases  wind  resist- 
ance and  slows  the  plane  still  more. 
With  the  help  of  the  forces  of  gravity 
and  drag  he  is  able  to  settle  the 
plane  gently  on  the  runway.  The 
plane  is  no  longer  flying  as  it  moves 
along  the  runway.  It  has  landed. 
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Airways  from  Here  to  There 


Look  at  the  map  on  this  page.  It 
shows  some  of  the  routes  that  planes 
travel.  You  will  notice  that  each 
airway  is  marked  with  a certain 
number  of  hours.  This  indicates  the 
time  it  takes  the  large  passenger 
planes  to  travel  between  the  two 
cities  connected  by  the  airway.  Find 
the  airway  between  Chicago  and 
Los  Angeles.  You  will  see  that  the 
trip  takes  about  six  hours.  Of  course 
the  flying  time  on  any  of  these 
airways  depends  on  the  speed  at 


which  the  plane  can  be  flown.  The 
passenger  planes  used  by  the  airlines 
are  always  being  improved.  So  you 
will  probably  find  that  the  flying 
time  on  many  of  these  airways 
will  change. 

In  the  United  States  and  Canada 
there  are  many  regular  commercial 
air  flights  each  day.  There  is  an  air- 
port within  a few  miles  of  almost 
every  large  city.  From  north  to 
south,  east  to  west,  the  airways 
link  our  cities. 
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The  map  above  is  a global  map. 
You  will  see  that  the  air  miles 
between  some  of  the  cities  have 
been  marked.  Over  thousands  of 
miles  of  airways,  we  can  fly  a plane 
to  any  part  of  our  earth. 

Imagine  that  you  are  piloting  a 
plane  from  Los  Angeles  to  Copen- 
hagen. Suppose  your  plane  could  fly 


at  a speed  of  1000  miles  an  hour. 
How  many  hours  might  it  take  you 
to  reach  Copenhagen? 

As  flying  speeds  increase,  it  takes 
less  time  to  travel  between  these 
cities,  even  though  the  distance  re- 
mains the  same.  We  might  say 
that  the  faster  our  planes  are  able  to 
travel,  the  smaller  the  earth  becomes. 
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Helicopters  Have  Moving  Wings 


Most  of  the  aircraft  that  we  are 
familiar  with  have  wings  attached 
to  the  body  of  the  plane.  You  might 
say  that  the  wings  are  fixed.  They 
don’t  rotate  or  move  along  or  around 
the  plane. 

The  aircraft  on  this  page  is  called 
a helicopter.  Look  at  the  blades 
above  the  body  of  the  helicopter. 
They  turn  round  and  round.  They 
are  really  movable  or  rotating  wings. 

The  rotating  wings  give  to  the 
helicopter  special  qualities.  You 
have  probably  seen  a helicopter 
hovering  above  one  spot.  It  looks 
as  though  it  were  suspended  in  the 
air!  The  air  moving  over  the  ro- 


tating wings  of  the  helicopter  pro- 
vides enough  lift  to  just  overcome 
gravity.  The  aircraft  neither  falls 
nor  rises.  It  remains  suspended! 

The  pilot  of  a helicopter  can 
move  it  forward  and  backward  and 
sideways  by  regulating  the  moving 
wings.  The  helicopter  can  also  be 
moved  up  and  down  somewhat  like 
an  elevator. 

We  usually  call  a specially  pre- 
pared area  where  airplanes  take 
off  and  land  an  airport.  But  have 
you  ever  heard  the  word  heliport'? 
A specially  prepared  area  from  which 
helicopters  take  off  and  land  is 
often  called  a heliport. 
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Heliports  are  much  cheaper  and 
easier  to  build  than  airports.  A heli- 
port also  requires  much  less  space. 
It  can  very  easily  be  located  on  the 
roof  of  certain  types  of  buildings. 

Helicopters  are  of  use  in  many 
different  ways.  Again  and  again 
they  have  proved  their  value  in 
emergency  rescue  work.  They  also 
have  many  day-to-day  uses.  For 
instance,  in  Los  Angeles,  California, 
helicopters  are  being  used  in  the 
mail  service.  During  the  day  there 
are  flights  by  helicopter  from  the 
main  post  office  to  the  airport.  The 
Los  Angeles  post  office  is  located  in 
the  business  district.  The  helicopters 
take  off  and  land  on  the  roof  of  the 
post-office  building. 

Helicopters  are  also  used  to  pick 
up  and  deliver  mail  to  communities 
around  Los  Angeles.  Some  of  these 
communities  are  as  much  as  50  miles 


away.  Much  time  is  saved  by  using 
this  helicopter  service. 

This  same  type  of  mail  service  is 
used  in  Chicago  and  New  York.  In 
New  York  the  helicopter  service 
carries  passengers  as  well.  Passen- 
gers are  carried  between  major  air- 
ports in  and  around  New  York. 
There  is  helicopter  service  between 
Newark  airport  in  New  Jersey  and 
Idlewild  and  La  Guardia  airports  in 
New  York. 

Helicopters  are  also  being  used  to 
carry  passengers  and  mail  between 
large  cities  in  Europe.  In  the  future 
much  of  the  travel  between  nearby 
cities  and  towns  may  be  done  by 
helicopter.  There  may  be  a heliport 
in  every  town! 


Into  Space — Beyond  Our  Earth 


Zoom  into  outer  space!  Off  to  the 
moon! 

This  is  easy  to  say,  but  what  about 
actually  doing  it?  There  will  be 
many  problems  to  be  solved  as  man 
attempts  to  go  into  outer  space 
beyond  our  earth. 

Up  and  Up 

At  just  a few  thousand  feet  above 
sea  level  we  may  encounter  some  of 
the  same  difficulties  that  we  would 
face  in  outer  space.  The  higher  we 
go,  the  less  oxygen  there  is  in  the  air. 
Our  bodies  need  a certain  amount  of 
oxygen  if  we  are  to  remain  healthy 
and  active.  At  high  altitudes  there 


is  so  little  oxygen  in  the  air  that  it 
becomes  difficult  to  breathe.  We  do 
not  have  to  go  into  outer  space  to 
run  into  difficulties  of  this  sort. 

Many  people  become  dizzy  and 
short  of  breath  when  they  are  at 
heights  of  about  11,000  feet  or  more. 
This  can  happen  in  many  places 
right  here  on  earth. 

The  high  point  at  Independence 
Pass,  near  Aspen,  Colorado,  is  about 
13,000  feet  above  sea  level.  At  this 
spot  even  mild  exercise,  such  as 
walking  or  running,  may  make  a 
person  feel  HI.  This  illness  is  caused 
by  lack  of  oxygen.  It  is  called 
altitude-sickness. 


Some  people  can  get  along  fairly  well  on  the  oxygen 
that  is  in  the  air  up  to  a height  of  20,000  feet.  Explorers 
have  even  been  able  to  climb  to  altitudes  as  high  as  26,000 
feet.  As  we  go  to  higher  and  higher  altitudes,  there  is 
less  and  less  oxygen. 

Many  planes  fly  at  heights  above  20,000  feet.  Some 
of  the  larger  passenger  planes  on  long  runs  make  regular 
flights  at  altitudes  of  38,000  feet.  In  order  for  passengers 
to  live  at  this  height,  special  equipment  is  needed.  In  all 
planes  that  fly  at  such  heights  there  is  a way  of  supplying 
oxygen  to  the  passengers  and  crew.  We  say  that  these 
planes  are  pressurized. 

Men  and  women  in  the  Air  Force  use  oxygen  equip- 
ment much  like  that  which  you  see  in  the  pictures  on  this 
page.  They  use  this  equipment  when  flying  at  altitudes 
above  10,000  feet.  Then  they  will  surely  have  enough 
oxygen  to  breathe. 


Man  Out  in  Space 

Man  does  not  have  to  go  very  far  from  the  surface  of 
the  earth  before  he  is  out  in  space.  Maybe  you  have 


You  might  say  that  man  is  out  in 
space  when  he  has  reached  a height 
at  which  there  is  not  enough  oxygen 
for  him  to  breathe.  At  altitudes 
above  50,000  feet  man  cannot  get 
enough  oxygen  from  the  air  to  keep 
himself  alive.  At  these  heights  he 
would  die  in  about  15  seconds  if  he 
did  not  have  special  oxygen  equip- 
ment. 

Fifty  thousand  feet  is  not  very 
high.  It  is  only  about  10  miles  above 
sea  level.  But  when  we  get  to  this 
height  we  are  no  longer  in  the  kind 
of  atmosphere  in  which  we  can  live. 
For  all  practical  purposes,  we  are 
out  in  space! 


i As  we  go  into  outer  space,  we  must 
i make  sure  that  it  is  possible  to  re- 
i main  alive.  If  this  cannot  be  done, 
5 travel  into  outer  space  will  not  be 
; practical.  So  for  man  himself  the 
I crossing  of  the  10 -mile  limit  is  the 
! first  important  step  into  outer  space. 

( Pilots  who  fly  in  aircraft  above  the 
10 -mile  limit  wear  special  flying 
suits.  In  the  picture  on  this  page  you 
can  see  a pilot  prepared  for  flying  at 
; high  altitudes.  His  suit  is  airtight. 

1 You  might  say  that  he  carries  his 

L own  atmosphere  with  him.  Inside 
the  suit  there  is  enough  oxygen  for 
! him  to  breathe.  The  part  of  the  suit 
next  to  his  body  remains  at  a tem- 
perature which  keeps  the  pilot  com- 
fortable. 

Many  things  have  already  been 
done  to  overcome  this  problem  of 
keeping  man  alive  in  outer  space, 
but  there  is  still  a great  deal  that  has 
to  be  found  out. 

Oxygen  for  Engines 

As  we  go  farther  and  farther  from 
the  earth’s  surface,  the  decrease  in 
oxygen  in  the  atmosphere  makes 
traveling  difficult.  Not  only  do  we 
need  oxygen  to  breathe,  but  the 
engines  that  push  our  aircraft 
through  space  need  oxygen  also. 
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Do 


Many  planes  have  gasoline  en- 
gines. These  engines  must  have 
oxygen  so  that  the  fuel  will  burn  and 
supply  the  energy  which  powers  the 
plane.  Jet  engines  also  use  oxygen 
to  burn  their  fuel.  Difficulties  arise 
as  these  planes  go  farther  and  farther 
from  the  earth’s  surface.  It  has 
been  found  that  at  high  altitudes 
there  is  not  enough  oxygen  in  the 
atmosphere  for  the  fuel  to  burn. 

Both  the  gasoline  engine  and  the 
jet  engine  will  stop  operating  at  high 
altitudes.  At  heights  of  only  70,000 
feet,  or  about  13  miles,  neither  of 
these  engines  operates  weU. 


As  man  goes  beyond  this  altitude, 
other  types  of  engines  must  be  used 
to  supply  the  power  needed  to  keep 
the  aircraft  moving  through  space. 
Rocket  engines  have  been  developed, 
which  carry  their  own  oxygen  supply. 
They  do  not  depend  upon  the  oxygen 
in  the  atmosphere.  A rocket-powered 
aircraft  called  the  Douglas  Sky- 
rocket has  reached  an  altitude  of  15 
miles.  Even  as  you  read  this,  other 
planes  are  probably  going  higher. 
Each  day  brings  new  advances  in 
our  aircraft. 

Rockets  without  pilots  have  risen 
to  altitudes  as  high  as  250  miles. 


However,  these  rocket  engines  used 
all  their  fuel  to  get  to  this  height. 
Without  fuel  the  engines  were  not 
able  to  produce  energy  to  keep  the 
rockets  moving  through  space.  Pow- 
erless— they  fell  back  to  earth. 

Problems  and  More  Problems 

The  peak  of  Mount  Everest  is  the 
highest  land  surface  on  the  earth. 
It  is  about  29,000  feet,  or  nearly  6 
miles,  above  sea  level.  This  seems  a 
great  height  until  we  think  that 
rockets  have  risen  to  altitudes  over 
forty  times  as  high.  Yet  even  250 
miles  is  not  very  far  in  comparison 
with  the  great  distances  in  outer 
space.  Our  nearest  neighbor,  the 
moon,  is  about  240,000  miles  from 
the  earth.  To  reach  the  moon,  we 
shall  have  to  fly  our  rockets  about  a 
thousand  times  as  far  as  any  have 
yet  flown.  We  have  not  yet  been 
able  to  get  very  close  to  the  moon, 
have  we? 

Many  important  steps  have  been 
taken  in  space  travel.  However, 
there  are  still  problems  which  must 


be  met  before  travel  in  outer  space 
will  really  be  successful. 

Men  and  women  interested  in 
space  travel  are  at  work  developing 
new  fuels  to  give  greater  power  to 
rockets.  This  is  a very  important 
problem.  At  heights  of  60  to  70 
miles  space  ships  will  not  receive 
much  lifting  support  from  the  at- 
mosphere. The  power  of  the  rocket 
engine  will  be  the  space  ship’s  only 
source  of  lift  and  push. 

Heat  will  also  be  a real  problem 
in  space  travel.  Space  craft  will  be- 
come very  hot  if  they  move  at  tre- 


LEARNING MORE 

1.  Many  people  have  helped  avi- 
ation develop.  Maybe  you  know 
about  Charles  Lindbergh,  Amelia 
Earhart,  Wiley  Post,  Jimmy  Doo- 
little, and  Eddie  Rickenbacker.  You 
might  be  interested  in  reading  about 
the  important  work  done  by  these 
people. 

2.  There  are  a great  many  airports 
throughout  our  country.  You  might 
plan  to  visit  an  airport  near  your 
town.  One  of  the  places  you  should 
get  permission  to  visit  is  the  traffic- 
control  tower. 


mendous  speeds.  Heat  from  the  sun 
will  be  an  additional  problem  as 
man  moves  farther  and  farther  out 
into  the  darkness  of  space. 

There  will  probably  be  many  other 
problems  which  will  arise  with  each 
new  step.  No  one  can  tell  what  all 
the  problems  will  be.  How  they  will 
be  met  and  solved  depends  on  how 
wise  and  intelligent  we  are.  There 
are  many  things  to  be  done.  A whole 
new  world  may  await  us  as  we  at- 
tempt greater  and  greater  journeys 
into  space.  No  one  knows.  But  this 
we  do  know — we  are  on  our  way! 


ABOUT  FLIGHT 

3.  We  are  told  that  many  changes 
in  living  have  taken  place  because  of 
the  airplane.  How  do  you  think  the 
airplane  has  affected  your  life?  In 
what  ways  would  our  world  be  differ- 
ent if  there  were  no  airplanes? 

4.  Many  boys  and  girls  have 
learned  a lot  about  airplanes  and 
flying  by  building  model  airplanes. 
There  are  many  types  of  model  air- 
planes that  you  might  build.  Some 
boys  and  girls  build  and  fly  models 
which  have  engines.  It  is  a very  in- 
teresting hobby. 
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Making  the  World  a Healthful  Plaee 


The  Community  Around  You 


All  you  may  need  to  do  to  obtain  water  to  wash  your 
face  in  the  morning  is  to  turn  a faucet.  When  you  have 
finished  washing,  the  soapy  water  runs  down  the  drain. 
It  runs  through  pipes  out  of  your  house  and  maybe  even 
out  of  your  community.  Perhaps  you  have  never  stopped 
to  think  where  the  water  comes  from  and  where  it  is 
going. 

When  you  have  finished  eating  your  breakfast,  there 
may  be  some  scraps  of  food  remaining.  Perhaps  there 
are  some  orange  peels  or  an  eggshell.  These  food  scraps 
are  probably  put  in  the  garbage  can.  You  may  have  seen 
a truck  come  to  your  home  to  collect  garbage,  but  what 
then?  Where  is  the  garbage  taken  in  your  community 
and  how  is  it  disposed  of? 

Perhaps  you  live  in  a large  city.  One  of  the  biggest 
problems  facing  any  large  community  is  where  and  how 
to  obtain  a good  supply  of  water.  You  and  everyone 
else  in  your  city  must  have  water  for  drinking,  bathing, 
cooking,  and  many  other  purposes. 
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Getting  a supply  of  water  may  not 
seem  too  difficult.  But  before  any 
water  can  reach  a city  home,  many 
plans  must  be  made.  A source  of 
water  must  be  found  large  enough 
so  that  everyone  in  the  city  can  have 
enough  water  to  use.  It  is  also  im- 
portant that  the  water  should  be 
clean  and  pure.  When  you  turn  a 
faucet  in  your  home  and  are  supplied 
with  pure  water,  you  know  that 
your  city  has  solved  this  problem. 

The  drains  which  carry  away 
water  after  you  have  used  it  are 
another  way  in  which  yom*  commu- 
nity is  meeting  a health  problem. 
How  to  dispose  of  garbage  and  other 
waste  materials  are  still  other  prob- 
lems which  a city  must  solve.  Yes, 
much  must  be  done  in  a large  com- 
munity to  make  it  pleasant  and 
healthful. 


Perhaps  you  live  in  a small  com- 
munity or  even  on  a farm.  Here  the 
problems  of  a pure  water  supply  and 
of  disposing  of  waste  materials  may 
not  be  faced  by  the  community  as  a 
whole.  Each  householder  may  have 
to  find  his  own  solution. 

Often  we  are  not  aware  of  the 
many  things  necessary  to  our  com- 
munity’s health.  Communities  are 
not  all  alike  and  their  answers  to 
their  problems  are  different  also. 
There  are  several  possible  solutions 
and  some  are  better  than  others. 
When  a community  is  clean  and 
pleasant  and  healthy,  it  usually 
means  that  its  problems  have  been 
intelligently  solved. 


ing  a dam 
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The  Water  You  Drink 


"Rain,  rain,  go  away!”  But  if 
the  rain  goes,  we  shall  have  less 
water  to  use.  During  times  of  little 
rainfall  we  are  sure  to  hear  talk 
about  our  water  supplies. 

All  our  water  supplies  are  the  re- 
sult of  rain,  snow,  sleet,  or  hail. 
Much  of  the  water  that  falls  from 
the  skies  moves  along  the  surface  of 
the  ground.  It  may  flow  into  creeks 
and  rivers.  It  may  even  collect  in 
bodies  of  water  such  as  ponds  and 
lakes.  This  water  which  moves  along 
or  collects  on  the  surface  of  the  land 
is  called  surface  water.  It  is  a 
source  of  water  easily  available  to 
us.  But  surface  water  is  easily  pol- 
luted. We  have  to  be  very  cautious 
about  using  surface  water. 

Some  of  the  water  which  falls  on 
the  land  sinks  into  the  soil.  Here 
part  of  it  may  be  used  by  plants. 


As  water  moves  down  into  the  soil, 
it  may  collect  below  the  surface  of 
the  ground.  This  water  stored  in  the 
soil  and  in  certain  layers  of  rock 
below  the  surface  is  called  ground 
water.  Sometimes  ground  water 
moves  through  the  ground  and  reap- 
pears on  the  surface  as  a spring. 

Ground  water  may  be  made  avail- 
able for  use  if  wells  are  dug  or 
drilled.  As  water  is  drawn  from 
underground  sources,  the  supply  is 
gradually  lowered.  But  all  the  while, 
water  falling  on  the  surface  of  the 
earth  moves  down  through  the  soil 
or  rock  to  add  to  the  supplies  under- 
ground. We  must  take  care  that  we 
do  not  use  our  supplies  of  water 
faster  than  they  can  be  refilled.  We 
are  always  looking  for  better  ways 
of  collecting  and  storing  the  water 
which  falls  on  the  earth. 


Artesian  Wells 

Perhaps  you  live  in  a town  or  a 
city  which  gets  its  water  supply  from 
a river,  a mountain  stream,  or  a lake 
nearby.  Or  the  city  you  live  in  may 
bring  its  water  by  pipes  from  a 
reservoir  built  many  hundreds  of 
miles  away.  Instead  of  using  surface 
water,  some  cities  draw  their  water 
supplies  from  underground.  The 
wells  from  which  much  of  this  water 
comes  are  called  artesian  wells. 

Many  country  homes  too  obtain 
their  water  from  these  sources. 
Water  from  artesian  wells  will  usu- 
ally flow  to  the  surface  without  the 
need  of  pumping.  These  wells  yield 
a supply  of  water  which  is  much 
purer  than  most  surface  water.  How- 
ever, the  presence  of  an  artesian 
water  supply  in  any  region  depends 
upon  very  special  rock  conditions. 


To  have  an  artesian  water  supply, 
there  must  be  three  separate  layers 
of  rock  below  the  surface  of  the  soil. 
The  middle  layer  must  be  a kind  of 
rock  that  has  many  tiny  spaces  in  it. 
Rock  of  this  sort  is  said  to  be  porous. 
Water  will  move  easily  through 
porous  rock.  Above  and  below  the 
porous  layer  there  must  be  layers  of 
nonporous  rock.  These  keep  the 
water  trapped  in  the  porous  layer. 

There  is  another  condition  to  be 
met  if  the  porous  layer  is  to  be  an 
artesian  supply.  In  the  picture  be- 
low, do  you  see  how  the  layers  of 
rock  are  tilted?  At  its  upper  end 
the  porous  rock  is  exposed.  It  is 
able  to  soak  up  rain  and  melting 
snow.  The  force  of  gravity  moves 
the  water  through  the  tilted  porous 
layer.  Artesian  wells  may  be  drilled 
to  the  porous  layer  at  some  point 


below  the  exposed  end.  There  will 
be  enough  pressure  to  bring  the 
water  to  the  surface. 

Sometimes  artesian  wells  are  thou- 
sands of  feet  deep.  In  many  dry 
regions  of  the  earth  artesian  water 
is  the  only  source  available  for  ir- 
rigation. Parts  of  the  Sahara  Desert 
have  been  made  to  bloom  because 
of  water  from  artesian  wells.  It 
seems  hard  to  believe  that  below 
such  a sandy,  hot  desert  as  the 
Sahara  there  is  water — water  trapped 
in  porous  rock.  It  is  there  for  the 
taking.  With  it  man  can  turn  the 
desert  into  a productive  garden. 

Here  is  something  you  might  do 
which  will  help  you  to  see  how  water 
rises  in  an  artesian  well:  You  will 
need  a large  tin  can,  a piece  of  rub- 
ber tubing  about  3 feet  long,  and 


some  bricks.  First,  make  a hole  in 
the  bottom  of  the  tin  can  and  insert 
one  end  of  the  tube  in  the  hole. 
Close  the  other  end  of  the  tube  with 
a cork  or  some  clay.  Clay  or  plasti- 
cine may  also  be  used  to  seal  the 
fitting  between  the  tube  and  tin  can. 
The  tin  can  should  then  be  placed 
on  a hollow  platform  made  of  bricks, 
as  you  see  in  the  picture. 

Now  when  water  is  poured  into 
the  tin  can,  it  will  flow  from  the 
can  into  the  rubber  tube.  But  the 
water  does  not  flow  away.  It  is 
trapped  m the  tube.  Do  you  see  that 
the  tube  is  somewhat  like  an  artesian 
water  supply?  The  tube  takes  in 
water  at  its  upper  end  like  the  porous 
rock  layer.  The  water  is  trapped  in 
the  tube  as  it  is  in  the  rock. 

All  that  remains  for  you  to  do  is 
to  sink  a well  into  the  "porous  rock 
layer.”  First,  fill  the  tin  can  with 
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water.  You  can  sink  your  well  by 
making  a hole  in  the  tube  with  a 
sharp,  large-sized  carpet  tack.  No- 
tice that  once  the  hole  is  made, 
the  water  spurts  into  the  air.  How 
high  does  your  water  column  rise? 

An  artesian  system  is  like  a huge 
underground  reservoir.  The  arrange- 
ment of  the  three  layers  of  rock 
makes  it  possible  to  have  a contin- 
uous supply  of  water.  The  water 
enters  an  artesian  system  through 
the  exposed  porous  layer.  But  care 
must  be  taken  in  how  the  water  is 
withdrawn.  We  must  balance  what 
we  take  out  by  what  has  gone  into 
the  reservoir. 

Such  rock  structures  may  be  found 
in  many  regions  of  North  America. 


Of  course  the  porous  layers  are  at 
different  depths  throughout  these 
regions.  And  they  include  different 
kinds  of  porous  rock.  For  instance,  a 
rock  called  Dakota  sandstone  forms 
the  porous  layer  beneath  one  large 
area  of  North  America.  Water  enters 
this  porous  sandstone  near  the  base 
of  the  Black  Hills  in  South  Dakota 
and  along  the  eastern  foothills  of  the 
Rocky  Mountains.  It  moves  far  be- 
low the  surface  of  the  soil  through 
parts  of  Nebraska,  South  Dakota, 
Colorado,  and  Kansas. 

In  many  areas  of  North  America 
the  amount  of  water  drawn  from 
the  underground  reservoirs  has  been 
greater  than  the  amount  entering. 
Water  no  longer  comes  to  the  sur- 
face under  its  own  pressure  in  these 
areas.  This  is  a great  loss  to  every- 
one in  the  region. 


Many  states  and  provinces  are 
trying  to  protect  and  redevelop  then- 
artesian  water  supplies.  There  are 
laws  to  prevent  waste  of  the  water 
from  artesian  wells.  Engineers  from 
conservation  departments  work  with 
owners  of  artesian  wells  to  get  the 
best  possible  use  of  water  and  pres- 
sure. Valves  are  used  to  help  con- 
trol the  flow  of  water.  All  unused 
wells  and  those  which  leak  are  care- 
fully sealed.  This  helps  to  eliminate 
waste.  It  also  does  much  to  increase 
the  water  level  and  pressure  in  the 
other  artesian  wells  in  the  region. 

Our  underground  reservoirs  may 
become  one  of  our  most  important 
sources  of  water.  The  rock  layers 
are  there!  You  might  say  that  the 
reservoirs  are  built.  All  we  have  to 
do  is  to  keep  them  filled  with  water. 
Rainfall  and  snowfall  will  help.  But 
there  is  also  the  possibility  that  we 
can  use  surface  water  to  fill  these 
underground  reservoirs. 


One  thing  is  certain:  water  and 
water  sources  are  important  to  our 
growing  country.  How  shall  we 
make  the  best  use  of  the  rock  struc- 
tures that  make  artesian  water  sup- 
plies possible? 

Safe  Water  in  the  Country 

Perhaps  you  live  in  a small  village 
or  on  a farm.  The  water  you  use 
may  come  from  an  artesian  well.  Or 
it  may  come  from  an  "ordinary” 
well  that  has  been  dug  in  your  yard. 
In  that  case  the  water  that  you  drink 
is  ground  water.  If  you  have  an 
artesian  well,  your  water  may  come 
from  rain  or  snow  which  fell  on  the 
earth  many  hundreds  of  miles  away. 
An  ordinary  well,  however,  is  more 
dependent  on  the  amount  of  rainfall 


nearby.  It  must  draw  its  supply 
from  the  water  that  has  soaked  down 
into  the  ground  from  the  surface  of 
the  surrounding  soil. 

In  some  places  an  ordinary  well 
may  be  dug  125  feet  deep  before 
water  is  reached.  In  other  places  the 
well  may  have  to  be  dug  much 
deeper.  The  level  of  ground  water 
is  not  the  same  in  all  parts  of  the 
earth.  The  sides  of  the  weU  are 
hned  with  brick  and  concrete  or 
material  that  is  called  casing.  The 
top  of  the  well  should  have  a metal 
covering  over  it.  This  will  help  to 
keep  weU  water  safe  for  drinking. 

People  who  use  water  from  their 
own  wells  shordd  have  the  water 
tested  from  time  to  time.  This  can 
be  done  by  asking  someone  from  the 
Board  of  Health  to  come  and  test  the 
water.  It  is  also  possible  to  send  a 
sample  of  weU  water  to  the  Board 


of  Health  for  testing.  Perhaps  you 
have  hiked  or  camped  near  a spring 
or  stream.  You  may  have  noticed 
a sign  posted  nearby  telling  whether 
the  water  was  safe  to  drink.  Such  a 
sign  was  probably  posted  by  the 
Board  of  Health. 

Sometimes  water  from  a barnyard 
or  an  outdoor  toilet  or  cesspool  may 
seep  through  the  ground.  Harmful 
bacteria  may  get  into  the  ground 
water.  Then  the  weU  water  which  is 
drawn  from  this  polluted  ground 
water  will  also  be  polluted.  To  pre- 
vent this,  it  is  wise  to  locate  ordinary 
wells  on  high  ground.  Do  you  think 
that  this  is  true  of  artesian  wells 
also? 
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Making  Water  Pure 

No  matter  where  it  comes  from, 
you  enjoy  drinking  water  that  is 
clear,  colorless,  and  has  a good  taste. 
You  also  want  to  know  that  it  is 
free  from  bacteria  and  other  ma- 
terials that  may  cause  disease.  These 
materials  found  in  water  are  called 
impurities.  To  make  water  safe  and 
pleasant  to  drink,  impurities  must 
be  removed. 

Look  at  the  picture  below.  It 
shows  the  way  one  city  purifies  the 
water  it  uses.  Rain  and  water  from 
melting  snow  run  off  the  watershed 
areas  into  a large  reservoir.  Then 
the  water  fiows  through  pipes  to 
another  reservoir.  This  place  is 
called  the  settling  basin.  The  water 


stays  here  for  several  days.  During 
this  time  soil  or  other  solid  particles 
which  may  be  in  the  water  will 
settle  to  the  bottom. 

After  the  water  leaves  the  settling 
basin,  it  flows  into  what  is  called  the 
filter  bed.  There  is  a layer  of  gravel 
at  the  bottom  of  this  bed.  On  top 
of  the  gravel  is  a layer  of  coarse  sand, 
and  above  this  a layer  of  fine  sand. 

When  the  water  enters  the  filter 
bed,  it  begins  to  move  down  through 
the  three,  layers.  First,  it  moves 
slowly  through  the  fine  sand.  The 
sand  catches  many  particles  of  soil 
and  tiny  plant  and  animal  life.  We 
usually  say  that  the  water  is  filtering 
through  the  sand. 

Then  the  water  flows  down  through 
the  coarse  layer  of  sand,  and  finally 
through  the  gravel.  In  the  layer  of 
gravel  there  are  many  pipes.  The 


The  pipes  set  in  gravel  in  a filter 
bed  work  in  much  the  same  way. 
Water  seeps  from  the  gravel  through 
the  porous  pipes.  From  these  pipes 
the  water  flows  into  larger  pipes. 
Finally,  the  water  is  carried  to  the 
homes  and  buildings  in  the  city. 

To  make  sure  that  drinking  water 
is  safe,  a chemical  called  chlorine  is 
usually  added  to  the  water  after  it  is 
filtered.  In  very  small  amounts  it  is 
not  harmful  to  the  human  body. 
But  the  chlorine  does  kill  harmful 
bacteria. 

Of  course,  not  all  cities  and  towns 
purify  their  water  by  filtering  it. 
But  most  communities  add  chlorine 
or  some  other  chemical  to  water  to 
make  it  safe  for  drinking.  If  you 
live  in  a city  or  town,  find  out  how 
your  community  purifies  the  water 
you  drink. 


pipes  are  made  of  porous  material, 
which  allows  water  to  go  through  it. 
The  material  is  much  like  that  used 
in  flower  pots. 

You  might  try  an  experiment  to 
see  how  water  can  pass  through 
porous  material.  First,  use  a can 
opener  to  cut  a round  hole  in  the 
bottom  of  a tin  can.  Then  force  a 
small  flower  pot  down  into  the  open- 
ing so  that  it  is  held  in  the  hole, 
just  as  you  see  in  the  picture.  Seal 
the  edge  between  flower  pot  and  tin 
can  with  clay  or  plasticine  to  make 
it  watertight.  Now  pour  water  into 
the  can  so  that  the  flawer  pot  is 
surrounded  by  water.  In  a short 
time  water  will  begin  to  seep  through 
the  walls  into  the  flower  pot. 


Where  Do  the  Drain  Pipes  Lead? 


"Going  swimming  in  the  bay?” 
That  is  the  question  your  father 
could  have  answered  with  a "yes”  if 
he  lived  in  a certain  east  coast  city 
when  he  was  a boy.  But  the  boys 
and  girls  who  grew  up  there  during 
the  1940’s  and  1950’s  have  never 
been  allowed  to  go  swimming  in  the 
bay.  The  water  surrounding  the 
city  is  not  safe! 

During  the  early  1900’s  this  city 
was  a resort  area.  People  came  from 
miles  around  to  swim  in  the  sur- 
rounding waters.  Then  many  in- 
dustries moved  to  the  city  because 
there  were  good  port  and  shipping 
facilities.  The  population  increased 
and  the  city  changed  from  a resort 
to  an  industrial  center. 


The  wastes  from  industries  and 
from  private  homes  were  carried  by 
pipes  to  the  water  of  the  bay. 
Gradually  over  the  years  the  water 
became  polluted.  There  was  so  much 
waste  material  in  the  bay  that  at 
times  it  colored  the  water.  Much  of 
the  animal  and  plant  life  of  the  bay 
was  destroyed.  The  water  was  no 
longer  a safe  place  in  which  to  swim. 

The  people  in  the  city  did  some- 
thing about  this  condition.  If  the 
water  was  to  become  clean  and  pro- 
ductive again,  the  waste  would  have 
to  be  disposed  of  in  some  other  way. 
In  1953  this  city  began  building  a 
large  sewage-disposal  plant.  In  time, 
if  all  goes  well,  the  water  may  be 
safe  enough  to  swim  in  again. 
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and  around  in  the  basin.  This  helps 
to  expose  the  sewage  to  sunlight. 
The  energy  from  the  sun  kills  some 
of  the  disease  germs  that  are  present. 
The  sewage  is  pumped  from  this  out- 
door basin  to  a building  called  a 
separator.  This  building  looks  some- 
what like  a greenhouse  because  it  is 
made  almost  entirely  of  glass. 

The  separator  contains  a settling 
basin  and  a filter  bed.  Chemicals  are 
added  to  the  sewage  in  the  settling 
basin.  The  chemicals  kill  the  harm- 
ful bacteria.  Part  of  the  sewage  falls 
to  the  bottom  of  the  settling  basin. 
Here  it  is  drawn  off  through  pipes 
and  pumped  to  another  building 
where  it  is  dried.  It  can  be  sold  as 
fertilizer  now  that  the  bacteria  are  no 
longer  harmful. 

The  liquid  part  of  the  sewage  is 
directed  into  the  filter  bed,  where 


In  Large  Communities 

Sewage  flows  into  rivers,  lakes, 
and  coastal  waters  from  other  cities 
and  towns,  also.  When  this  happens, 
of  course  the  water  becomes  polluted. 
It  is  not  a pleasant  thought,  is  it? 

Some  communities  are  correcting 
these  mistakes.  The  picture  below 
shows  you  how  sewage  is  disposed  of 
in  one  city.  All  the  drain  pipes  in 
the  city  lead  to  a sewage-disposal 
plant  where  the  sewage  is  treated  to 
make  it  harmless. 

At  the  disposal  plant  the  sewage 
first  flows  into  a big  round,  concrete 
basin.  A large  rake  moves  around 


it  flows  through  layers  of  gravel  and 
sand.  From  here  it  is  piped  into  a 
large,  rectangular,  outdoor  basin. 
The  liquid  remains  in  this  basin  for 
several  days.  This  again  helps  to 
reduce  the  harmful  bacteria.  The 
liquid  is  then  tested.  If  after  that 
treatment  it  is  found  to  be  safe,  it 
can  be  piped  into  a bay,  lake,  or 
river  that  may  be  near  the  town. 

When  sewage  has  been  purified 
in  this  way,  it  does  not  pollute  the 
water  into  which  it  flows.  The 
beaches  may  be  used  for  swimming, 
and  animals  and  plant  life  can  con- 
tinue to  grow  in  the  water. 


This  is  just  one  way  that  waste 
materials  are  disposed  of  without 
polluting  water  and  endangering  the 
health  of  people.  Each  city  and  town 
has  its  own  way  of  disposing  of 
sewage.  How  is  sewage  disposed  of 
where  you  live? 

In  Small  Communities 

Many  houses  are  not  connected 
with  sewers.  But  you  would  never 
realize  it  by  looking  at  their  sinks 
and  toilets.  The  water  and  wastes 
are  piped  out  of  the  houses  just  as 
though  they  were  being  carried  to  a 
sewer. 

There  is  no  community  collection 
of  wastes,  however.  Each  house  dis- 
poses of  its  own  wastes  on  its  own 
property.  You  can  easily  see  how 
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this  may  become  a very  real  health 
problem.  Each  home  must  dispose  of 
its  wastes  in  such  a way  that  they 
will  not  be  harmful  and  cause  disease. 

There  are  two  kinds  of  private 
sewage-disposal  systems  that  are 
usually  used:  the  cesspool  and  the 
septic  tank.  Of  the  two  the  septic 
tank  is  the  safer. 

A cesspool  consists  of  a large 
hole  in  the  ground.  The  hole  is  lined 
with  rocks  or  concrete  blocks,  which 
are  not  cemented  together.  The  top 
of  the  cesspool  is  covered  with  a 
tightly  fitting,  concrete  lid.  This 
helps  to  keep  out  insects  and  other 
animals. 

The  wastes  from  the  house  are 
carried  to  the  cesspool  through  pipes. 


The  liquids  pass  into  the  -soil  through 
the  openings  between  the  rocks  or 
blocks.  Gradually  the  soil  around 
the  cesspool  will  become  polluted. 
Wells  or  nearby  water  supplies  may 
be  infected.  Cesspools  are  of  little 
use  in  ground  that  is  low  and  wet. 
The  soil  cannot  absorb  the  liquid 
from  a cesspool  if  the  soil  already 
holds  all  the  water  that  it  can. 

A septic  tank  works  in  an  entirely 
different  way  from  a cesspool.  Waste 
materials  flow  into  a watertight  tank. 
The  waste  remains  in  the  septic  tank 
for  24  hours  or  more.  During  this 
time  bacteria  change  much  of  the 
solid  part  of  the  waste  to  harmless 
liquid.  When  the  height  of  the  liquid 
reaches  the  outlet  pipes,  there  is  a 
flow  of  liquid  from  the  tank  into  the 
soil.  The  area  around  the  tank  is 


called  the  leaching  field.  Here  tiles 
are  placed  just  below  the  surface  of 
the  soil.  The  tiles  allow  air  to  get  to 
the  liquid.  The  liquid  evaporates 
before  it  can  go  very  far. 


Not  all  the  solid  part  of  the  waste 
is  changed  to  liquid.  Some  of  it 
remains  in  the  tank  and  settles  to 
the  bottom  as  sludge.  In  time  there 
will  be  an  accumulation  of  sludge  in 
the  tank.  The  sludge  will  have  to  be 
pumped  from  the  tank  in  order  to 
keep  the  tank  operating  properly. 


Septic  tan k 


Disposing  of  Other  Waste  Materials 


Getting  rid  of  the  wastes  from  our 
kitchens  is  a very  serious  problem 
also.  Much  of  the  wastes  are  the  re- 
mains of  animals  and  vegetables 
which  are  used  for  food.  Then,  too, 
there  are  the  containers  in  which 
food  was  packed.  These  include  tin 
cans,  bottles,  and  paper. 

The  animal  and  vegetable  remains 
are  not  a health  menace  when  fresh. 
But  when  these  remains  stand  for 
any  length  of  time,  they  begin  to 


decay.  This  refuse  must  be  safely 
disposed  of  to  keep  the  community 
healthy. 

Sanitary  Landfill  Method 

In  some  communities  garbage  and 
rubbish  are  taken  to  an  open  dump. 
These  dumps  attract  rats,  and  mice, 
and  many  insects.  Sometimes  the 
waste  materials  in  an  open  dump  are 
burned.  The  smoke  and  odors  are 
unpleasant  and  even  harmful.  In 
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other  places  refuse  is  dumped  into  a 
river  or  lake,  polluting  the  water. 

Sometimes  the  garbage  collected 
in  cities  and  towns  is  fed  to  hogs. 
It  has  been  found  that  many  hogs 
fed  untreated  garbage  have  con- 
tracted a disease  called  trichinosis. 
This  may  spread  to  people  who  eat 
meat  from  these  animals.  In  some^^ 
parts  of  the  country  no  garbage  may 
be  fed  to  hogs  until  after  it  has  been 
heated  at  212°  F for  30  minutes. 
This  destroys  disease  germs. 

One  good  way  to  dispose  of  waste 
materials  is  called  sanitary  landfill. 
First,  a broad,  deep  trench  is  dug 
by  a tractor.  The  day’s  collection  of 
refuse  is  dumped  into  part  of  the 
trench.  The  tractor  crushes  the 
waste  materials  under  its  steel  tracks. 
Then  soil  is  pressed  over  the  refuse 
to  make  a compact  covering. 


When  the  trench  is  filled,  other 
trenches  are  dug.  Later,  when  all  the 
trenches  are  completely  filled  and 
covered  with  soil,  grass  is  planted. 
In  some  communities  gravel  pits, 
quarries,  marshy  places,  or  gullies 
are  filled  with  refuse  and  topped  with 
soil  and  grass  in  this  way.  After 
some  time  the  "dump”  may  become 
a park  or  a playground. 

In  some  homes  garbage-disposal 
units  have  been  installed  in  the 
kitchen  sink.  These  machines  grind 
garbage  extremely  fine.  It  is  then 
washed  down  the  drain  and  carried 
away  with  the  sewage.  However, 
in  some  communities  widespread  use 
of  this  method  of  garbage  disposal 
is  not  yet  advisable.  Too  much 
water  might  be  wasted  or  the  com- 
munity’s system  of  sewage  disposal 
might  be  overloaded. 


Incinerator  plant 


Incineration  of  Refuse 

One  of  the  best  ways  to  get  rid  of 
community  garbage  and  rubbish  is  to 
burn  it  in  a specially  designed  fur- 
nace. The  temperature  in  many  of 
these  garbage  furnaces  is  about 
2000°  F.  It  is  necessary  to  have  it  so 
hot  to  burn  the  garbage  completely. 

In  many  incinerator  plants  aU  the 
waste  materials  are  not  burned. 
Some  are  salvaged  or  separated  from 
the  rest.  For  example,  grease  and 
fats  may  be  recovered  from  garbage 
by  the  use  of  steam.  After  the 
melted  fat  is  salvaged,  it  is  shipped 
to  manufacturers  who  have  use  for 
it.  Fertilizing  material  may  also  be 
recovered  from  garbage.  This  can 
be  an  important  way  of  supplying 
fertilizers  for  the  soils  of  the  world. 

Another  important  type  of  conser- 
vation is  the  salvaging  of  paper  and 


rags.  These  may  be  sorted  out  and 
reused  in  the  manufacture  of  paper 
and  other  products.  Tin  cans,  other 
metals,  and  glass  may  also  be  reused 
in  the  manufacture  of  many  things 
that  we  need.  When  these  materials 
are  destroyed,  they  are  lost  to  us. 

By  using  his  intelligence,  man  has 
found  sanitary,  safe  ways  of  dispos- 
ing of  garbage  and  other  refuse.  He 
has  also  found  that  as  he  removes  a 
health  menace  from  his  community, 
he  can  recover  important  materials 
from  the  wastes.  These  salvaged 
materials  can  point  the  way  to  a 
richer  life  for  all.  Rather  than  the 
continued  destruction  of  our  goods 
and  resources  we  can  look  for  ways 
of  getting  fuller  use  of  them. 
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The  Air  You  Breathe 


the  drying  of  paints  and  varnishes 
adds  fumes  to  the  air. 

If  you  have  been  in  heavy  auto- 
mobile traffic  for  any  length  of  time, 
you  know  how  difficult  it  may  be- 
come to  breathe  when  the  air  is  filled 
with  fumes.  Automobiles,  trucks, 
and  busses  use  gasoline  and  oil.  As 
these  fuels  are  used,  the  fumes  from 
the  exhaust  pipes  mix  with  the  air 
we  breathe. 

Many  other  impurities  are  added 
to  the  air  each  day  from  some  of  our 
huge  industrial  plants.  Impurities 
mix  with  the  air  as  chemicals  are 
manufactured,  petroleum  is  refined, 
or  as  metals  are  worked.  We  are 
living  more  and  more  in  a world  of 
expanding  industry.  We  will  all 
benefit  from  wise,  increased  produc- 
tion of  all  the  things  we  use  in  our 


You  are  probably  very  careful 
about  the  food  and  water  that  you 
take  into  your  body  each  day.  But 
what  about  the  air  you  breathe?  If 
you  live  in  the  country,  it  may  never 
have  occurred  to  you  that  impurities 
in  the  air  may  be  a very  serious 
community  problem. 

Many  different  gases,  chemical 
compounds,  and  just  plain  dust  and 
dirt  may  be  in  the  smoke  that  pours 
out  of  chimneys.  The  mere  burning 
of  coal  will  throw  into  the  air  such 
things  as  soot,  ash,  harmful  gases, 
and  even  small  amounts  of  acids  and 
other  chemicals.  The  burning  of 
natural  gas  or  fuel  oil  also  releases 
acids  and  other  impurities.  Even 


daily  living.  But  we  should  also 
realize  that  at  the  same  time  we 
may  be  polluting  the  air  we  breathe 
with  acids  and  other  impurities. 
These  impurities  can  prove  to  be 
very  harmful  to  the  health  of  us  all. 

How  do  impurities  in  the  air  af- 
fect people  who  breathe  them  day 
in  and  day  out  during  the  year?  This 
is  probably  one  of  the  greatest  un- 
solved problems  we  have  today. 

It  may  not  take  a great  deal  of 
impurity  in  the  air  to  bring  about 
ill  effects.  It  has  been  estimated 
that  we  each  breathe  as  much  as  2700 
gallons  of  air  into  our  lungs  each 
day.  Even  though  there  is  only  a 
small  amount  of  impurity  in  each 
gallon  that  we  breathe,  we  may  take 
into  our  lungs  about  2700  times  that 
amount  during  the  course  of  one  day. 

Impurities  in  the  air  can  affect 
plants  and  animals  also.  Very  small 
amounts  of  sulfur  dioxide  in  the  air 


can  cause  great  damage  to  the  leaves 
of  plants  such  as  spinach  and  lettuce. 
Other  gases  also  can  injure  plants. 
Animals  may  be  affected  when  they 
breathe  impure  air  or  when  they  feed 
on  plants  which  have  been  damaged 
by  gases  or  harmful  chemicals. 

Much  work  is  being  done  to  de- 
crease the  amount  of  impurities  in 
the  air.  Groups  from  many  different 
communities  are  cooperating  with 
each  other.  This  is  important  be- 
cause impurities  are  often  carried 
from  one  community  to  another  as 
the  air  moves  about. 

You  might  find  out  what  im- 
purities are  likely  to  be  in  the  air 
you  breathe.  How  do  the  impurities 
enter  the  air  that  is  around  you? 
The  local  Board  of  Health  probably 
could  give  you  much  valuable  infor- 
mation on  this  problem. 
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A More  Healthful  World 


The  world  in  which  we  live  is  be- 
coming a more  healthful  place.  Most 
people  work  hard  at  trying  to  keep 
their  homes  and  communities  clean. 
This  is  one  way  to  prevent  the 
spread  of  disease.  People  in  health 
departments  help  in  protecting  com- 
munities. But  it  is  more  important 
that  all  the  people  in  each  commu- 
nity should  become  concerned  about 
living  in  clean,  pleasant  places. 

Garbage  disposal,  sewage  disposal, 
and  our  water  supply  are  really  all 
part  of  the  same  problem.  We 
cannot  afford  to  be  careless  about 
any  one  of  these.  More  and  more  we 
are  realizing  that  each  is  an  impor- 


tant link  in  keeping  the  whole  com- 
munity healthy. 

Much  has  been  learned  about  the 
air  around  us  and  how  it  affects  our 
community  health.  But  only  a be- 
ginning has  been  made.  There  is 
much  to  find  out  and  to  do. 

Probably  one  of  the  most  impor- 
tant things  man  has  learned  is  that 
he  can  change  his  community.  He 
can  change  it  for  better  or  worse. 
This  we  know — the  changes  should 
always  be  the  kind  that  benefits  man. 
Proper  planning  and  care  can  create 
a pleasant,  clean,  and  healthful  world 
in  which  to  live.  You  will  have  a 
part  in  building  this  world! 


LEARNING  MORE 


1.  Find  out  how  your  community 
gets  its  water  supply.  Make  a series 
of  pictures  showing  the  steps  in  mak- 
ing your  water  safe  for  drinking. 

2.  What  diseases  are  spread  by 
water?  How  are  they  caused?  Re- 
port your  findings  to  the  class. 

3.  Make  a map  of  your  community 
showing  where  there  are  breeding 
places  of  insects  and  other  animals. 
Put  dots  on  the  map  showing  where 
there  are  stagnant  pools  of  water. 


marshy  places,  rubbish  piles,  open 
garbage  cans,  manure  piles.  After 
you  have  spotted  them,  find  out  from 
the  Board  of  Health  how  you  might 
help  in  getting  rid  of  these  breeding 
places. 

4.  In  1948  the  World  Health 
Organization  was  formed.  It  is  a 
special  agency  of  the  United  Nations. 
Look  in  an  encyclopedia  to  find  out 
what  this  organization  does  to  make 
the  world  a more  healthful  place. 
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Science  Words 


This  part  of  your  book  is  a science  dictionary.  It  will  help  you  find 
the  meanings  of  words  which  are  used  in  your  book.  The  page  number 
following  each  word  shows  you  on  what  page  the  word  is  first  found. 

The  following  list  of  letter  sounds  will  help  you  to  use  correctly  the 
markings  of  your  science  words. 


a as  in  cat 

e as  in  her 

6 as  in  horse 

oi  as  in  soil 

a as  in  made 

e as  in  begin 

6 as  in  obey 

do  as  in  took 

a as  in  grass 

o as  in  soft 

do  as  in  moon 

a as  in  care 

1 as  in  gift 

ou  as  in  out 

a as  in  barn 

i as  in  ride 

u as  in  cup 

^ as  in  educate 

u as  in  music 

ng  as  in  sing 

e as  in  net 

6 as  in  top 

u as  in  burn 

th  as  in  thin 

e as  in  he 

6 as  in  joke 

u as  in  unite 

th  as  in  that 

am  mo'ni'um  chJoTide  (a  mo'ni  urn  kld'rid). 
A chemical  compound  made  up  of  nitrogen, 
hydrogen,  and  chlorine.  It  is  used  in  dry 
cells  (p.  10). 

An  drom'e  da  (an  drom'e  da) . A constella- 
tion seen  in  the  fall  and  early  winter.  The 
hazy  spot  of  light  near  one  of  its  stars  is  the 
Andromeda  galaxy,  a system  of  billions  of 
stars,  a million  light-years  away  (p.  112). 
an'nu  al  (an'ual).  Any  plant  which  lives 
only  one  year  or  season  (p.  74). 

Antarc'tic  Cir'de  (ant  ark'tik  sur'k’l).  An 
imaginary  line  circling  the  southern  part 
of  the  earth.  It  marks  the  boundary  of  the 
south  polar  region  (p.  42). 
an'thra  cite  (an'thra  sit).  Hard  coal.  It 
burns  slower  than  soft  coal  and  with  little 
smoke  or  flame  (p.  19). 

Arc'tic  Cir'de  (ark'tik  sur'k’l).  An  imaginary 
line  circling  the  northern  part  of  the  earth. 
It  marks  the  boundary  of  the  north  polar 
region  (p.  41). 

ar'ter  y (ar'teri).  The  name  given  to  the 
tubes  which  carry  the  blood  from  the  heart 
to  all  parts  of  the  body  (p.  6). 
at'mos  phere  (at'mos  fer).  The  layer  of  gases 
which  surrounds  the  land  and  water  parts 
of  the  earth.  It  can  be  thought  of  as 
an  ocean  of  air  thousands  of  miles  deep 
(p.24). 

at'om  (at'um).  The  smallest  part  into  which 
a basic  substance  such  as  iron  can  be  di- 


vided and  still  be  iron.  An  atom  consists 
of  particles  called  electrons,  protons,  and 
neutrons.  All  substances  are  made  up  of 
atoms  (p.  9). 

a tom'ic  en'er  gy  (a  tom'ik  en'er  ji).  The  en- 
ergy which  is  released  when  atoms  are 
broken  up  (p.  9). 

au  ro'ra  bo're  a'lis  (6  ro'ra  bo're  a'lis). 
Streams  of  light  originating  in. the  upper 
atmosphere  of  the  Northern  Hemisphere. 
They  are  also  called  northern  lights 
(p.  209). 

au'tumn  (o'tiim).  The  season  which  follows 
summer.  It  is  also  called  fall.  In  the  South- 
ern Hemisphere  autumn  begins  about 
March  21  and  ends  about  June  22  (p.  29). 

ax'is  (ak'sis).  The  imaginary  straight  line 
through  the  center  of  the  earth  from  one 
geographic  pole  to  the  other.  The  earth  ro- 
tates about  its  axis  (p.  42). 

ax'le  (ak's’l).  The  bar  or  rod  on  which  a 
wheel  turns.  Sometimes  the  rod  rotates 
along  with  the  wheel  (p.  223). 

bar  mag'net  (bar  mag'net).  A bar  of  iron  or 
steel  which  has  the  power  to  attract  iron, 
steel,  cobalt,  and  nickel  (p.  190). 

bas'ic  ma  chines'  (bas'ik  ma  shenz').  The  in- 
clined plane,  lever,  wheel  and  axle,  wedge, 
screw,  and  pulley  are  the  six  basic  ma- 
chines. All  other  machines  are  combina- 
tions of  two  or  more  of  these  six  (p.  222). 
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bien^nial  (bien'ial).  A plant  wnich  lives 
for  two  years.  It  produces  roots  and  leaves 
the  first  year  and  flowers,  fruit,  and  seed 
the  second  year  (p.  74). 

Big  Dip'per  (bigdip'er).  A group  of  seven 
stars  which  one  can  imagine  form  the  out- 
line of  a dipper  (p.  105). 

bi  tu'mi  nous  coal  (bi  tu'mi  nus  kol).  A type 
of  soft  coal  (p.  18). 

black'smith'  (blak'smith').  A person  who 
hammers  iron  into  various  shapes  after 
heating  it  in  a fire  (p.  16). 

blue'stem'  grass  (blob'stem'  gras).  A type 
of  grass  which  is  highly  valued  for  pastures. 
It  has  bluish-grey  stems  (p.  151). 

broad'-leaved'  for'ests  (brod'levd'  for'ests).  A 
growth  of  trees  such  as  oaks,  maples,  or 
other  trees  with  wide  leaves  (p.  151). 

cal'ci  um  (kal'sium).  One  of  the  basic  sub- 
stances. Calcium  is  one  of  the  elements 
which  make  up  the  chemical  called  lime 
(P.  57). 

car'bon  (k^'bon).  An  element.  Coal  con- 
sists mostly  of  carbon  (p.  10). 

car'bon  di  ox'ide  (k^'bon  di  ok'sid).  A col- 
orless gas  made  of  the  elements  carbon  and 
oxygen.  Animals  exhale  carbon  dioxide 
(P.  7). 

car'i  bou  (kar'iboo).  A North  American 
reindeer  (p.  146). 

cess'pool'  (ses'pdbl').  A deep,  covered  pit 
specially  prepared  to  receive  sewage 
(p.  264). 

check  dam  (chek  dam) . A small  dam  made  of 
boards  or  wire.  It  helps  to  hold  back  the 
movement  of  water  and  soil  down  a gully 
(p.  169). 

chem'i  cal  (kem'ikal).  All  things  are  made 
of  chemicals.  Such  things  as  water  and 
salt  are  called  chemical  compounds 
(p.  6). 

chem'i  cal  en'er  gy  (kem'i  kal  en'er  ji).  The 
energy  released  when  chemicals  act  on 
each  other.  Chemical  energy  sometimes 
produces  heat,  light,  or  electricity  (p.  6). 

chlo'rine  (klo'ren).  An  element  which  is  yel- 
lowish-green in  its  gaseous  form.  Chlorine 
is  used  to  help  purify  water  (p.  266). 


chlo'ro  phyll  (klo'ro  fil).  A chemical  com- 
pound. It  is  the  chemical  which  gives  the 
green  color  to  plants  (p.  57). 
cir'cuit  (sfir'kit).  A path  for  electricity 
(P.  11). 

clock' wise'  ro  ta'tion  (klok'wiz'  rota'shiin). 
Rotation  in  the  same  direction  as  that  in 
which  the  hands  of  a clock  move  (p.  202). 
cold'-blood'ed  an'i  mals  (kold'bliid'ed  an'i- 
malz).  Animals  whose  blood  stays  about 
the  same  temperature  as  their  surround- 
ings. Fish  and  snakes  are  cold  blooded 

(p.  80). 

com  mu'ni  ty  (komu'mti).  All  the  plants 
and  animals  living  in  one  place  (p.  145). 
com'pass  (kum'pas).  A magnetic  instru- 
ment used  to  tell  directions  (p.  189). 
complex'  machine'  (kompleks'  mashen'). 
A combination  of  several  basic  machines 
(p.  232). 

con'den  sa'tion  (kon'den  sa'shiin).  When 
water  vapor  in  the  air  changes  into  rain, 
the  change  is  called  condensation  (p.  24). 
con'stel  la'tion  (kon'ste  la'shun).  Any  stars 
in  the  sky  which  seem  to  form  a group.  An- 
cient peoples  imagined  that  these  groups 
of  stars  formed  the  outlines  of  various  ob- 
jects, animals,  and  heroes  (p.  105). 
con'tour-plow  (kon'toor  plou).  To  plow  the 
soil  so  as  to  take  advantage  of  the  curve 
of  the  ground  (p.  178). 
coun'ter  clock' wise'  ro  ta'tion  (koun'ter  klok'- 
wiz'ro  ta'shun).  Rotation  in  the  opposite 
direction  from  that  in  which  the  hands  of  a 
clock  move  (p.  202). 

cur'rent  of  e lec'tric'i  ty  (kur'ent  ov  e lek'- 
tris'i  ti).  Electricity  moving  steadily  from 
one  place  to  another.  It  usually  flows 
through  a conductor  such  as  . iron  or  copper 
wire  (p.  10). 

de  cid'u  ous  trees  (de  si^  iis  trez).  Trees 
which  drop  their  leaves  in  the  fall  (p.  58). 
diam'eter  (diam'eter).  Th6  distance 
straight  through  the  center  of  a round  ob- 
ject, such  as  a circle  or  a planet  (p.  191). 
dir'i  gi  ble  (dir'i  ji  b’l).  A huge  balloon  driven 
by  motors.  Helium  and  other  gases  make 
this  aircraft  lighter  than  air  (p.  235). 
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drag  (drag).  The  force  which  holds  back  the 
forward  movement  of  an  airplane  (p.  243). 

e lec'tric'i  ty  (e  lek'tris'i  ti).  A form  of  en- 
ergy which  results  from  the  movement  of 
electrons  (p.  9). 

e lec'trons  (e  lek'tronz).  The  outer  parts  of 
atoms.  These  tiny  particles  have  negative 
charges  of  electricity  (p.  11). 
el'e  ment  (el'ement).  A basic  substance 
made  up  of  only  one  kind  of  atom.  For 
example,  the  element  oxygen  is  made  up 
of  nothing  but  oxygen  atoms.  There  are 
about  100  basic  substances  (p.  56). 
en'er  gy  (en'er  ji).  The  power  or  ability  to  do 
something.  Heat,  light,  and  electricity  are 
some  forms  of  energy  (p.  4). 
e qua' tor  (ekwa'ter).  An  imaginary  line 
around  the  center  of  the  earth,  equally  dis- 
tant from  the  north  and  south  poles  (p.  29). 
e rode' (e  rod').  To  wear  away.  Soil  is  often 
eroded  by  water  and  wind  (p.  178). 
e vap'o  rate  (e  vap'6  rat).  To  change  from  a 
liquid  to  a gas.  When  liquid  water  changes 
into  gaseous  water,  or  water  vapor,  we  say 
that  the  water  evaporates  (p.  24). 
ev'er  green'  (ev'er  gren').  Any  plant  which 
remains  green  throughout  the  year  (p.  60). 

fil'ter  bed  (fil'ter  bed).  A layer  of  sand  or 
gravel  which  strains  out  solid  particles 
from  water  or  other  liquids  (p.  265). 
fric'tion  (frik'shiin).  Resistance  which  comes 
from  two  surfaces  rubbing  on  each  other 

(p.  218). 

frost  line  (frost  lin).  The  depth  below  ground 
at  which  water  will  not  freeze  (p.  93). 
fu'el  (fu'el).  Any  material  that  can  be  used 
to  supply  heat  or  other  forms  of  energy 

(p.  8). 

ful'crum  (fiil'krum).  The  support  on  which 
a lever  turns  (p.  220). 

fun'gus  (fung'gus).  A non-green  plant.  Bac- 
teria, molds,  and  mushrooms  are  all  fungi 
(p.  63). 

gal'ax  y (gal'ak  si).  A system  of  millions  of 
stars.  The  Milky  Way  is  the  name  of  the 
galaxy  to  which  our  sun  belongs  (p.  99). 


gas'o  line  (gas'6  len).  A light,  inflammable 
fuel  obtained  from  petroleum  oil.  It  is 
used  in  automobile  and  airplane  engines 
(P.  21). 

ge'o  graph'i  cal  poles  (je'6  graf'i  kal  polz). 
The  northern  and  southern  ends  of  the 
earth’s  axis  (p.  196). 

grass'land'  (gras'land').  A region  of  rather 
level  land  covered  by  grass  (p.  145). 
grav'i  ty  (grav'i  ti).  The  force  which  pulls 
everything  toward  the  center  of  the  earth 
(P.  5). 

ground  wa'ter  (ground  wo'ter).  The  water 
stored  in  the  soil  and  in  layers  of  rock  be- 
low the  surface  of  the  ground  (p.  259). 

heat  (het).  A form  of  energy  which  results 
when  fuels  burn,  or  combine  rapidly  with 
oxygen  (p.  7). 

hel'icop'ter  (hel'i  kop'ter).  A flying  ma- 
chine which  is  driven  forward  by  propel- 
lers revolving  horizontally  (p.  235). 
hel'i  port  (hel'i  port).  A prepared  space  on 
which  a helicopter  can  land  (p.  248). 
he'li  um  (he'li  um).  A noninflammable  gas- 
eous element  found  on  the  earth  and  sun 
(P.  11). 

hi'ber  na'tion  (hi'ber  na'shun).  A state  of  in- 
activity in  a protected  place  during  cold 
weather  (p.  92). 

horned  lark  (homd  l^k).  A bird  often  found 
in  grassland  communities  (p.  162). 
hy'dro  gen  (hi'dro  jen).  A colorless,  inflam- 
mable gaseous  element.  When  it  burns  in 
air,  it  combines  with  oxygen  to  form  the 
chemical  compound  water  (p.  9). 
hy'dro  pon'ics  (hi'dro  pon'iks).  A way  of 
growing  plants  without  soil.  Water  and 
the  necessary  chemicals  are  supplied  to 
plants  by  artificial  means  (p.  58). 

in  dined'  plane  (m  klind'  plan).  A slanting 
surface.  A road  up  a hill  is  an  inclined 
plane  since  it  is  a slanted  surface  with  one 
end  higher  than  the  other  (p.  215). 
in'su  lat'ed  (in'su  lat'ed).  Covered  with  a 
material  such  as  rubber  or  cotton.  The 
covering  on  insulated  wire  helps  prevent 
heat  or  electricity  from  escaping  (p.  127). 
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i'ron  (i'ern).  A metallic  element  which  can 
be  magnetized.  Plants,  animals,  and  men 
need  iron  in  their  food  to  grow  (p.  5). 

jet  plane  (jet  plan).  An  airplane  which  is 
thrust  through  the  air  by  a stream  of  hot 
gases  escaping. from  its  engine  (p.  134). 

ker'o  sene'  (ker'6  sen').  A thin,  colorless  oil 
made  from  petroleum.  It  can  be  used  as  a 
fuel  for  many  different  purposes  (p.  21). 

leaf  scar  (lef  skar).  The  layer  of  tissue  which 
grows  over  the  spot  where  a leaf  has  been 
attached  to  a branch  (p.  59). 
le'ver  (le'ver) . A bar  which  is  used  to  move 
a heavy  object.  The  lever  is  one  of  the  six 
basic  machines  (p.  219). 
li'chen  (li'ken).  A plant  usually  found  grow- 
ing on  rocks  or  tree  trunks.  It  is  flowerless 
and  leafless  (p.  73). 

lift  (lift).  Air  moving  over  the  wings  of  an 
airplane  provides  its  lift  (p.  239). 
light  (lit).  A form  of  energy.  Electricity  pro- 
duces light  energy  (p.  6). 
light'-year'  (lit'yer').  The  distance  light 
travels  in  one  year  (p.  103). 
lime'stone'  (lim'ston').  A rock  made  mostly 
from  the  shells  of  sea  animals  which  lived 
thousands  of  years  ago.  It  can  be  cut  into 
blocks  and  used  for  buildings  (p.  19). 
load'stone'  (lod'ston').  An  iron  compound 
found  in  the  ground.  It  is  a natural  mag- 
net and  can  attract  iron  or  steel  (p.  190). 

ma  chine'  (ma  shen').  A device  which  can  be 
used  to  direct  energy  to  do  work.  A knife, 
a ladder,  and  a shovel  are  examples  of  ma- 
chines which  make  man’s  work  easier  (p.  9). 
mag  ne'si  um  (mag  ne'shi  um).  A silver- 
white,  metallic  element.  Magnesium  is  a 
very  light  metal  (p.  57). 
mag  net'ic  field  (mag  net'ik  feld).  The  area 
around  a magnet  in  which  the  magnet  has 
the  power  of  affecting  or  attracting  iron 
objects  (p.  206). 

mag  net'ic  poles  (mag  net'ik  polz).  The  ends 
of  a magnet.  The  earth  has  magnetic 
poles  (p.  194). 


mag'net  ism  (mag'ne  tiz’m).  The  power  of  a 
. substance  to  attract  iron  or  steel  (p.  189). 
man'ga  nese  di  ox'ide  (mang'ga  nes  di  6k'- 
sid).  A black  chemical  compound  made  of 
the  elements  manganese  and  oxygen.  It  is 
used  in  dry  cells  (p.  10). 
me  chan'i  cal  en'er  gy  (me  kan'i  kal  en'er- 
ji).  The  energy  of  moving  objects  (p.  9). 
met'al  (met'’l) . Any  of  several  elements,  such 
as  iron  or  copper,  which  conduct  electric- 
ity and  glow  when  heated  to  high  tempera- 
tures (p.  127). 

mi'cro  scope  (mi'kro  skop).  A scientific  in- 
strument which  enlarges  the  size  of  objects 
seen  through  it  (p.  126). 
mi'grate  (mi'grat).  To  travel  at  regular  in- 
tervals from  one  place  to  another  (p.  86). 
Milk'y  Way  (mil'kiwa).  A broad  band  of 
pale-white  light  which  stretches  across  the 
sky  at  night  (p.  98). 

Milk'y  Way  sys'tem  (mil'ki  wa  sis'tem).  All 
the  stars  which  belong  to  our  Galaxy.  Our 
sun  is  one  of  these  stars  (p.  108). 
min'er  al  (min'er  al).  A substance  occurring 
in  nature.  It  may  be  either  an  element  or 
a compound.  Coal,  gold,  salt,  and  copper 
ore  are  a few  minerals  (p.  26). 
mol'e  cule  (mol'ekul).  All  molecules  are 
composed  of  atoms.  A molecule  of  water 
is  made  of  two  atoms  of  hydrogen  and  one 
atom  of  oxygen.  A drop  of  water  consists 
of  millions  of  molecules  of  water  (p.  197). 

ni'tro  gen  (ni'tro  jen).  An  element  in  the  air 
in  the  form  of  a gas  which  is  colorless,  odor- 
less, and  tasteless.  Nitrogen  is  also  found 
in  the  soil  as  a part  of  nitrates.  A nitrate 
is  a chemical  that  contains  nitrogen  and 
oxygen  (p.  57). 

non' -green'  plants  (non'gren'  plants).  Plants 
which  do  not  contain  chlorophyll  and  are. 
unable  to  make  their  own  food  (p.  63). 
North  Star  (north  star).  The  star  toward 
which  the  northern  end  of  the  earth’s  axis 
seems  to  point.  It  is  often  called  the  pole- 
star  (p.  43). 

North'ern  Hem'i  sphere  (nor'-fehem  hem'i- 
sfer).  That  half  of  the  earth  which  is  north 
of  the  equator  (p.  29). 
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oil  shale  (oil  shal).  Shale  rock  which  has  be- 
come soaked  with  petroleum  (p.  21). 

O ri'on  (6  ri'on).  A large  constellation  with 
three  bright  stars  in  a line.  Early  peoples 
imagined  that  these  formed  the  belt  of  the 
hunter  Orion  (p.  105). 

ox'y  gen  (ok'si  jen).  An  element  found  as  a 
gas  in  the  air  we  breathe.  It  is  colorless, 
odorless,  and  tasteless,  and  is  necessary  for 
life.  It  is  a part  of  many  chemical  com- 
pounds, such  as  water  and  sugar  (p.  132). 

peat  (pet).  A dark  material  formed  of  partly 
decayed  trees  and  other  plant  life  in 
swamps.  It  may  be  used  as  a fuel  (p.  18). 
per  en'ni  al  (per  en'i  al).  Any  kind  of  plant 
that  lives  on  from  year  to  year  (p.  74). 
pe  tro'le  um  (pe  tro'le  um).  A dark,  oily  liq- 
uid obtained  by  drilling  wells.  Gasoline, 
kerosene,  motor  oil,  and  certain  waxes  are 
obtained  from  petroleum  (p.  19). 
phos'pho  rus  (fos'fo  rus) . An  element  that 
is  yellowish  and  waxy  when  pure.  It  is  an 
important  part  of  many  chemical  com- 
pounds found  in  soil  and  foods  (p.  57). 
plan'et  (plan'et).  One  of  nine  bodies  in  the 
solar  system  which  revolve  around  the  sun. 
We  live  on  the  planet  called  Earth  (p.  40). 
po'rous  (po'rus).  Full  of  tiny  holes.  Liquids 
can  pass  through  porous  material.  Sand- 
stone is  a porous  rock  (p.  260). 
po  tas'si  um  (potas'ium).  A soft,  bluish- 
white,  metallic  element.  Potassium  com- 
pounds are  found  in  soil  and  are  very  im- 
portant to  plants  and  animals  (p.  57). 
prai'rie  re'gions  (prar'i  re'junz).  Large,  tree- 
less tracts  of  level  or  gently  rolling  grass- 
land. The  central  portion  of  the  United 
States  is  a prairie  region  (p.  151). 
pre  cip'i  ta'tion  (pre  sip'i  ta'shun).  Water 
that  falls  as  rain,  snow,  sleet,  or  hail  (p.  152). 
pro  pel'ler  (propel'er).  A device  for  pulling 
a plane  forward  through  the  air.  It  may 
have  two,  three,  or  four  blades  (p.  240). 
Prox'i  ma  Cen  tauTi  (prok'sima  sento'ri). 

The  star  nearest  our  solar  system  (p.  103). 
pul'ley  (pdbl'i).  A basic  machine  consisting 
of  a wheel  with  a grooved  rim  into  which  a 
rope  fits  (p.  226). 


re  fleet'  (re  flekt').  To  turn  back  light.  We 
see  most  objects  by  the  light  which  they 
reflect  (p.  142). 

revolve'  (revolv').  To  move  around  in  a 
circular  or  curved  path.  It  takes  the  earth 
3654  days,  or  one  year,  to  revolve  once 
around  the  sun  (p.  40). 
rock'et  en'gine  (rok'et  en'jm).  A type  of  en- 
gine which  carries  its  own  oxygen  supply. 
It  does  not  rely  upon  the  oxygen  in  the  at- 
mosphere to  burn  its  fuel  (p.  253). 
root  hairs  (root  harz).  Little  extensions  on 
roots  through  which  water  enters.  Root 
hairs  are  small,  thin  tubes  closed  at  the 
free  end  (p.  55). 

ro'tate  (ro'tat).  To  turn  on  an  axis  the  way 
a wheel  turns  on  its  axis.  The  earth  ro- 
tates once  every  24  hours  (p.  40). 
rust  (rust).  Iron  oxide.  This  reddish-brown 
chemical  compound  forms  when  iron  com- 
bines with  the  oxygen  in  the  air  (p.  5). 

sand'stone'  (sand'ston').  A rock  made  up  of 
small  particles  of  sand  (p.  18). 
screw  (skrdo).  One  of  the  six  basic  machines. 
A screw  is  a slender,  round  bar  having  a 
spiral  strip  of  metal,  or  thread  (p.  226). 
sea  lev'el  (se  lev'el).  The  height  of  land  is 
usually  measured  from  sea  level.  Sea  level 
is  set  at  halfway  between  the  height  of  high 
and  low  tide  (p.  17). 

sep'a  ra'tion  lay'er  (sep'a  ra'shun  la'er).  A 
thin  layer  which  grows  between  the  stalk 
of  a leaf  and  the  branch  on  which  the  leaf 
is  growing  (p.  59). 

sep'tic  tank  (sep'tik  tangk).  An  under- 
ground tank  in  which  sewage  is  held  until 
it  becomes  harmless  (p.  270). 
set'tling  ba'sin  (set 'ling  ba's’n).  A reservoir 
where  water  or  other  liquid  is  kept  for  a 
while  to  allow  soil  or  solid  particles  to  set- 
tle to  the  bottom  (p.  265). 
shale  (shal).  Rock  consisting  mostly  of  clay 
which  has  been  pressed  and  hardened 

(p.  18). 

Sir'i  us  (sir'i  us).  A brilliant  star  often  called 
the  dog  star  (p.  104). 

sound  (sound).  A form  of  energy  which 
comes  from  vibrations  (p.  7). 
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South'ern  Hem'i  sphere  (sutfe'ern  hem'i- 
sfer).  That  half  of  the  earth  south  of  the 
equator  (p.  30). 

spring  (spring).  The  season  of  the  year  fol- 
lowing winter.  In  the  Southern  Hemi- 
sphere spring  begins  about  September  23 
and  ends  about  December  22  (p.  30). 
spring  bal'ance  (spring  bal'ans).  A device 
for  measuring  weight  or  force  by  means  of 
a spiral  spring  (p.  217). 
star  (star).  A body,  such  as  our  sun,  which 
gives  off  light  and  heat  (p.  31). 
steam  en'gine  (stem  en'jin).  An  engine  run 
by  steam.  Steam  engines  were  used  in  early 
steamboats  and  locomotives  (p.  16). 
sul'fur  (sul'fer).  A yellow,  nonmetallic  ele- 
ment used  in  gunpowder  and  matches.  It 
is  also  an  important  part  of  many  foods 
(p.  57). 

sul'fur  di  ox'ide  (sul'fer  di  ok'sid).  A chem- 
ical compound  which  forms  when  sulfur 
combines  with  oxygen.  When  mixed  with 
water,  it  forms  a harmful  acid  (p.  275). 
sum'mer  (sum'er).  The  season  of  the  year 
following  spring.  In  the  Southern  Hemi- 
sphere summer  begins  about  December  22 
and  ends  about  March  21  (p.'30). 
sun  (sun).  The  star  about  which  the  earth 
and  other  planets  revolve.  It  supplies  us 
with  light  and  heat  (p.  9). 
sun'spots'  (siin'spots').  Dark  spots  some- 
times seen  on  the  sun’s  surface.  They  are 
believed  to  be  giant  cyclones  (p.  209) 
sur'face  wa'ter  (sur'fis  wo'ter).  The  water 
which  moves  along  or  collects  on  the  sur- 
face of  the  land  (p.  259). 

the'o  ry  (the'6  ri).  An  opinion  usually  based 
on  some  observed  facts.  It  may  help  to  ex- 
plain why  something  occurs  (p.  11). 
ther'mo  stat  (thur'mo  stat) . An  automatic 
device  for  controlling  temperature  (p.  81). 
thrust  (thrust).  The  force  which  moves  an 
airplane  forward  through  the  air  (p.  241). 
top'soil'  (top'soil').  The  loose,  top  layer  of 
the  earth’s  surface  (p.  19). 
trib'u  tar'y  (trib'u  ter'i).  A stream  or  river 
which  flows  into  a larger  river  or  lake 
(P.  174). 


tril'lion  (tril'yun).  One  million  million,  or 
1,009,000,000,000  (p.  103). 

Trop'ic  of  Can'cer  (trop'ik  6v  kan'ser).  An 
imaginary  circle  around  the  earth  north  of 
the  equator.  The  sun  is  directly  overhead 
at  the  Tropic  of  Cancer  on  June  22  (p.  41). 

Trop'ic  of  Cap'ri  corn  (trop'ik  6v  kap'ri- 
korn).  An  imaginary  circle  around  the 
earth  south  of  the  equator.  The  sun  is  di- 
rectly overhead  at  the  Tropic  of  Capricorn 
on  December  22  (p.  42). 

tun'dra  (tdbn'dra).  A vast  stretch  of  flat  or 
gently  rolling  marshy  land  in  the  north 
arctic  region  (p.  162). 

tung'sten  (tung'sten).  A metallic  element 
used  for  the  wires  in  electric-light  bulbs 
(p.  130). 

u ra'ni  um  (ura'nium).  A hard,  heavy, 
white,  metallic  element  found  in  pitch- 
blende. It  is  used  to  produce  atomic  energy 
(P.  26). 

veins  (vanz).  Tubes  in  our  bodies  through 
which  blood  moves  from  all  parts  of  the 
body  back  to  the  heart  (p.  6). 

warm'-blood'ed  an'i  mals  (worm'bliid'ed  an'- 
i malz) . Animals  which  maintain  a rather 
constant  temperature  even  though  the 
temperature  of  the  places  in  which  they 
live  moves  up  and  down  (p.  80). 

wa'ter  shed'  (wo'ter  shed').  The  sloping  land 
from  which  water  drains  into  streams,  riv- 
ers, or  lakes  (p.  181). 

wedge  (wej).  One  of  the  six  basic  machines. 
It  is  usually  a piece  of  wood  or  metal  thick 
at  one  end  and  thin  at  the  other  (p.  226). 

wind'lass  (wmd'las).  A machine  for  hoisting 
or  hauling.  It  usually  consists  of  a wheel 
and  axle  (p.  223). 

win'ter  (win'ter).  The  season  of  the  year  fol- 
lowing autumn.  In  the  Southern  Hemi- 
sphere winter  begins  about  June  22  and 
ends  about  September  23  (p.  30). 

zinc  (zingk).  The  bluish-white  metallic  ele- 
ment of  which  the  covering  of  a dry  cell  is 
made  (p.  10). 
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Air,  movement  of,  5,  22-23,  24,  152-156,  163, 
237-242;  heating  and  cooling  of,  17,  22,  29, 
30,  32,  33,  40,  44-51,  65,  66,  77-80,  85,  92- 
96,  182;  moisture  in,  17,  24,  152-156;  car- 
bon dioxide  in,  63,  157;  and  flight,  235-245, 
248;  and  friction,  244;  oxygen  in,  250-253; 
pollution  of,  274-275,  276 
Aircraft.  See  Airplanes,  Dirigibles,  Helicop- 
ters, Jet  planes.  Rockets 
Airplanes,  32,  235-255;  speed  of,  134,  135,  242, 
243,  246,  247;  first  flight  of,  236;  weight  of, 
236;  wings  of,  237-239,  240,  243,  244,  248; 
forces  acting  on,  239-245;  engines  of,  240, 
241-242,  252-254;  propellers  of,  240,  241; 
routes  of,  246-247;  oxygen  equipment  for, 
251-253.  See  also  Jet  planes.  Rockets 
Airports,  162,  246,  248,  249,  255 
Airways,  246-247 
Algae,  58,  158 

Altitudes  and  oxygen,  250-255 
Andromeda  (constellation),  galaxy  in,  112-114 
Animals,  and  oil,  20;  and  seasonal  change,  76- 
97;  cold-blooded,  80,  85,  96,  148;  warm- 
blooded, 81-83,  92-93;  food  of,  83-85,  87, 
89-90,  93-95,  97, 146-148, 154,  158,  163, 167, 
171,  275;  and  water,  83,  96,  151,  154,  156, 
158-161,  171,  175,  267;  migration  of,  86-91, 
97 ; hibernation  of,  92-95, 97, 148;  in  soil,  96, 
163,  183,  187;  communities  of,  144-163 
Annuals,  74 
Anthracite,  19 
Apple  trees,  66,  71,  84 

Arctic,  daylight  in,  48;  plants  in,  65,  146;  ani- 
mals in,  87,  146 
Artesian  wells,  260-263,  264 
Atmosphere,  24,  134,  209,  252-253,  255.  See 
also  Air 

Atomic  energy,  9,  14,  25-26,  132-133 
Atoms,  of  the  sun,  9,  14,  25-26,  132-133;  of 
hydrogen,  9,  132,  197;  and  electrons,  11-12, 
126, 129-130, 132-133,  202-203;  of  iron,  126, 
129,  130,  132,  197,  202-203 
Aurora  borealis,  209 

Autumn,  29,  30,  44-46,  51 ; and  plants,  29,  58- 
60,  66;  and  animals,  87,  89,  91,  93,  94,  97 
Axis,  of  earth,  42,  43,  196,  202,  204;  of  elec- 
trons, 202 
Axles,  223-226 

Bacteria,  264-266,  268-270 


Balance,  of  solar  system,  115;  in  communities, 
146-156,  160-163 
Beans,  57,  179 
Bees,  79,  94 

Belem,  28,  29,  30,  44,  45 
Betelgeuse,  107 
Biennials,  74 
Big  Dipper,  105 

Birds,  temperature  of,  82;  food  for,  84,  87,  89, 
97;  nesting  habits  of,  84,  90,  162;  migra- 
tions of,  86-91,  97 
Bituminous  coal,  18 
Blacksmiths,  16,  124-125,  127 
Board  of  Health,  264,  275,  276 
Bobolinks,  89 
Body.  See  Human  body 
Buds,  30,  69,  70-72,  75 

Buenos  Aires,  in  September,  29,  30,  44,  45;  in 
December,  33,  35,  37,  39,  41,  47,  49 
Bulbs  of  plants,  69,  72,  74 
Burning,  of  fuels,  13, 14,  15, 16, 19,  26, 122, 123, 
242,  253,  274;  and  oxygen,  253;  of  waste 
materials,  271,  273.  See  also  Fire 
Butterflies,  86,  87 

Cacti,  56,  70 
Calcium,  57,  176 

Carbon,  rod,  10;  atoms  of,  126,  132 
Carbon  dioxide,  7,  62,  63,  146,  157 
Cattle,  154,  171,  175 
Cesspools,  264,  270 

Chemical  energy,  and  muscles,  6,  7,  63,  214; 

and  plants,  19,  54,  63,  64,  147 
Chemicals,  in  dry  cells,  10,  11,  13;  and  plants, 
57,  63,  146,  147;  and  water,  197,  266,  268, 
275;  and  air  pollution,  274-275 
Chlorine,  266 
Chlorophyll,  57,  63 

Circuits,  electric,  10-13,  127-130,  200-201 
Cities,  and  water,  182,  257,  258,  260,  265-266, 
267,  269;  flights  between,  235,  243,  246-247, 
249;  and  garbage,  258,  271-273;  and  sewage, 
267-269;  and  air  pollution,  274-275 
Climate  and  plant  growth,  17,  73-74 
Clover,  64,  180 

Coal,  as  a fuel,  8,  13-16,  19,  22,  123,  274;  and 
energy,  8,  13-19;  formation  of,  16-19 
Cold-blooded  animals,  80,  85,  96,  148 
Color,  of  leaves,  29,  30,  61,  63,  75;  of  heated 
metals,  124-126,  130;  in  light,  140-143 
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Communities,  of  plants  and  animals,  144-163; 
balance  in,  146-156,  160-163;  and  energy, 
147-151;  and  water,  151-156,  157-161 
Community  health,  256-276;  and  pure  water, 
258,  264,  265-266,  276;  and  sewage,  258, 
267-271,  276;  and  garbage,  258,  271-273, 
276;  and  air  pollution,  274-275,  276 
Compass,  uses  of,  189-190,  210;  construction 
of, 1 190-191 ; and  magnetism,  190-196,  201, 
205,  208,  210,  211;  and  iron,  192-193,  208, 
210;  and  electricity,  200-201;  affected  by 
sun,  208,  209 

Complex  machines,  232,  233 
Condensation,  24,  152,  153,  154,  156 
Conservation,  of  water,  166,  168,  170-175,  181- 
184,  186;  of  soil,  169-170,  176-180,  183,  184, 
186,  187;  of  forests,  180-187;  of  wastes, 
268,  273 

Constellations,  105-107,  112-113,  114.  See  also 
Andromeda,  Big  Dipper,  Orion 
Contour  trenches,  168 
Contour-plowing,  178 
Copper,  127-129 
Corn,  55,  170,  184 
Cotton,  171,  180 

Crops,  raising  of,  47,  64,  66,  67,  154,  170,  173, 
176-180;  damage  to,  89, 165, 168, 183;  water 
for,  154,  173-175,  178,  179,  181;  and  soil 
conservation,  176-180;  of  trees,  184-187 
Current,  electrical,  10-12,  127-130,  200-204 

Dams,  and  energy,  23,  27,  174;  and  flood  con- 
trol, 169,  174-175 

Day,  light  of,  14,  30,  54,  119,  121,  189;  length 
of,  40-41,  45-51,  59,  64-65,  75,  90.  also 
Sun 

December,  33,  35,  37,  46-49 
Deciduous  plants,  58-60,  70,  71 
Deer,  82,  86 

Deserts,  plants  of,  56,  61,  70,  73,  181,  261; 

animals  of,  96;  communities  in,  145,  150 
Dirigibles,  235,  236 

Disease,  prevention  of,  81-82,  265-268,  270, 
272,  276 

Drag,  force  of,  243-245 

Dry  cells,  10,  11,  12,  13,  27,  127-129,  200 

Earth,  gravity  of,  5,  22,  24-25,  243,  244,  245, 
248,  260;  early  history  of,  14,  16-21,  25,  26, 
112,  117;  geographic  poles  of,  17,  42,  43,  44, 
46,  47,  50,  51,  196;  rocks,  minerals  of,  18- 
21,  26,  56-58,  62,  176,  180,  190,  204,  259- 
263;  and  seasons,  29-51;  tilt  of,  37-51,  78; 
as  a planet,  40,  115;  rotation,  revolution  of. 


40-51,  202,  204;  axis  of,  42,  43,  196,  202, 
204;  distance  of,  from  sky  bodies,  102-107, 
109,  112-114,  133,  134,  254;  as  part  of  our 
Galaxy,  108-112,  115;  magnetism  of,  188- 
211.  See  also  Atmosphere,  Soil,  Water 
Earthworms,  84,  85,  163,  187 
Electrical  energy,  heat  from,  8,  10,  127-130; 
light  from,  9,  10,  11,  23,  119,  120,  129-130, 
142-143;  and  dry  cells,  10-13,  27,  127-129, 
200;  and  electrons,  12,  202;  and  wind  power, 
22,  23;  and  water  power,  23,  174;  and  mag- 
netism, 200-204 

Electricity.  See  Electrical  energy 
Electrons,  and  electrical  energy,  11-12,  202; 
and  light,  126,  129,  130,  133;  and  magnet- 
ism, 202-203,  209;  from  sunspots,  209 
Elements,  and  plants,  56-58,  176;  number  of, 
197.  See  also  Atoms,  Electrons 
Energy,  4-27,  118-143;  and  change,  5-8;  and 
food,  6-7,  19,  27,  63,  131,  147,  214;  of  mus- 
cles, 6-8,  27,  63,  79,  214-232;  and  fuel,  8,  13- 
16,  19-21,  22,  25-27,  253-254;  of  sun,  ex- 
planation of,  9,  14,  25,  32,  132-133;  end 
plants,  19-20,  52-75,  131,  146-148,  157,  159; 
and  wind  power,  22,  23,  232;  and  water 
power,  23-25,  174,  213,  232;  and  seasonal 
change,  28-51,  78;  and  animals,  78-85,  90, 
147-148, 156;  and  communities,  147-151, 156; 
and  machines,  212-233.  See  also  Atomic  en- 
ergy, Chemical  energy.  Electrical  energy.  Heat 
energy.  Light  energy.  Mechanical  energy,  and 
Sound  energy 

Engines,  steam,  16;  gasoline,  27,  240-241,  253; 
jet,  241-242,  253;  oxygen  for,  252-253; 
rocket,  253-255 

Equator,  climate  of,  29,  38-40,  42,  43,  44,  45,  47 
Erosion,  of  soil,  165-179,  183,  187 
Evaporation,  24,  61,  70,  152,  172, '271 
Evergreens,  60-61,  70 

Factories.  See  Industry 
Farming,  and  electricity,  21-22;  hydroponic, 
58;  and  soil  conservation,  176-180,  187;  and 
water,  170-171,  173,  175,  183,  258,  263-264; 
forest,  184-187..  See  also  Crops,  Soil,  Water 
Fertilizers,  186-187,  268,  269,  273 
Filter  bed,  265-266,  268-269 
Fire,  and  heat,  8,  13-14, 15-16,  19,  26,  124-125, 
127;  and  light,  122-123,  130;  damage  from, 
167-169,  183-184,  185,  187 
Fish,  86,  159,  175 
Flies,  78-79,  80 

Flight,  by  man,  235-255;  explanation  of,  236- 
245 
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Flood  control,  165-170,  174-175,  183 
Flowers,  and  changing  seasons,  29,  30,  70,  71, 
73,  94;  growth  of,  53-54,  66,  67,  69,  70-71, 
73-74,  75,  161;  and  length  of  day,  64-65,  75 
Food,  of  people,  6-7,  14,  19,  27,  58,  63,  67,  74, 
131,  170-171,  175,  176,  214,  257,  272,  275; 
made  by  plants,  53-55,  57,  58,  62,  63,  64,  68- 
70,  72,  131,  145-148,  157,  159;  of  animals, 
83-85,  87,  89-90,  93,  94-97,  146-148,  158, 
163,  167,  171 

Force,  of  gravity,  22,  24-25,  243-245,  248; 
magnetic,  195,  207,  210;  measurement  of, 
217-218,  230-231;  of  lift,  238-239,  240,  243, 
244,  245,  248,  255;  of  thrust,  240-242,  243, 
244,  245,  255;  "^of  drag,  243-245 
Forests,  in  swamps,  17-19;  communities  in, 
145,  151;  and  rainfall,  151,  172-173,  181- 
184;  products  from,  180,  185;  and  water- 
sheds, 181-184;  fires  in,  183-184,  185,  187; 
tree-farming  in,  184-187.  See  also  Trees 
Foxes,  84,  148 

Freezing,  of  water,  5,  59,  85,  93;  of  soil,  59,  73, 
92,  93;  of  animals,  85,  92 
Friction,  and  heat,  8,  255;  and  machines,  218, 
2'22-223;  and  flight,  244,  255 
Frost,  64,  74,  93,  94 

Fuels,  and  energy,  8,  13-14,  15-16,  19-21,  22, 
25-27,  242,  253-254;  and  oxygen,  253-255; 
fumes  from,  274.  See  also  Food 
Fulcrum,  220-221,  233 

Galaxies,  108-117;  clusters  of,  115,  116.  See 
also  Andromeda,  Milky  Way  system 
Garbage  disposal,  257,  258,  271-273,  276 
Gas,  and  energy,  7,  21;  as  fuel,  8,  123,  274;  in 
the  sun,  9,  132;  in  air,  24,  63,  157,  250-253; 
and  star  formation,  117;  and  aircraft,  236, 
242;  and  air  pollution,  274-275.  See  also 
Carbon  dioxide.  Helium,  Hydrogen,  Natural 
gas.  Oxygen,  Sulfur  dioxide.  Water  vapor 
Gasoline,  as  fuel,  21,  27,  274;  engines,  27,  241, 
253 

Generators,  23,  174 
Golden  plovers,  87-88 

Grain,  89,  161,  178,  180,  213.  Sgg  also  Corn, 
Wheat 

Grand  Coulee  Dam,  23 

Grass,  and  animals,  146,  154,  167;  and  soil 
temperature,  149-151;  and  rainfall,  151, 154, 
166-170,  172-173,  181;  on  prairies,  151,  161 
Grasslands,  145,  151,  161,  162,  172-173 
Gravity,  5,  22,  24-25,  243-244,  245,  248,  260 
Ground  water,  259,  260-264 
Gullies,  169-170,  187,  272 


Hay,  64,  171,  178 

Health.  See  Community  health.  Disease,  Food, 
Human  body.  Muscles 

Heat  energy,  fuels  for,  8, 13, 14, 16, 19,  26;  from 
electricity,  8,  9,  10,  127-130;  from  muscle 
activity,  8,  79;  from  sunlight,  14,  22,  24,  27, 
30-51,  59,  62-74,  90,  96,  103,  107,  132,  147- 
150,  255;  in  deserts,  73,  96;  and  thermo- 
stats, 81;  of  stars,  102;  light  from,  122-130, 
132-133;  and  electrons,  126,  129,  132-133; 
as  germ  killer,  272.  See  also  Fire,  Sun 
Helicopters,  235,  248-249 
Heliports,  248-249 
Helium,  11,  132 
Herschel,  William,  109,  110 
Hibernation,  92-95,  97,  148 
Hogs,  trichinosis  from,  272 
Hoover  Dam,  174 
Horned  lark,  162 

Human  body,  energy  of,  6-8,  27,  63,  214;  tem- 
perature of,  81-82;  health  of, '81-82,  171, 
250,  266,  272,  274-275;  as  a machine,  214, 
232;  and  oxygen,  250-252.  See  also  Commu- 
nity health.  Disease,  Food,  Man,  Muscles 
Hydrogen,  9,  132;  in  water,  197 
Hydroponics,  58 

Incinerator  plants,  273 
Inclined  planes,  214-220,  222,  226-228 
Industry,  electricity  for,  23;  water  used  by, 
171;  water,  air  pollution  by,  267,  274-275 
Invention,  of  gasoline  engine,  27;  of  basic  ma- 
chines, 215,  219,  222-223,  226,  229;  of  air- 
plane, 236;  of  rocket  engine,  253 
Iron,  rusting  oT,  5;  and  blacksmiths,  16,  124- 
125,  127;  in  soil,  57,  176;  glowing  of,  124- 
129;  atoms  of,  126,  129,  132,  197,  202-203; 
and  magnetism,  190,  192-193,  197-199,  202- 
208,  210;  molecules  of,  197-199,  202-204 
Irrigation,  154,  173,  174,  175,  261 

Jet  planes,  235;  speed  of,  134-135,  242,  243; 

engines  of,  241-242,  253 
June,  40,  50;  plants  in,  64,  154;  animals  in, 
87-88 

Kerosene,  21,  242 
Knife,  as  wedge,  227 

Lakes,  and  communities,  145;  and  rainfall, 
172,  174,  181,  183,  259;  as  water  supplies, 
174,  259,  260;  pollution  of,  268,  269,  272 
Land,  slope  of,  166-170, 175, 178-179, 181-182, 
214;  kinds  of,  177,  178.  See  also  Earth,  Soil 
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Leaf  scars,  59-60 

Leaves,  colors  of,  29,  30,  61,  63,  75;  in  winter, 
47,  60;  food  in,  54,  57,  58,  62,  63,  69;  chlo- 
rophyll in,  57,  63;  of  deciduous  plants,  58- 
60,  70-71;  and  water,  58,  59,  61,  63,  70;  of 
evergreen  plants,  60-61 ; and  soil,  182,  187 
Lettuce,  64,  275 
Levers,  219-221,  222,  226,  233 
Lift,  force,  of,  238-240,  243-245,  248,  255 
Light  energy,  6,  118-143;  from  electricity,  9, 
10,  11,  23,  119,  120,  128-130,  142-143;  of 
the  sun,  9,  14,  16-20,  26,  30-51,  54,  58,  59, 
62-65,  74,  75,  96,  107,  109,  119-121,  131- 
137,  140-143,  146-150,  157,  159,  268;  and 
heat,  31-37,  41,  44,  47-51,  96,  122-123,  130, 
133, 147-150;  and  tilted  surfaces,  35-40,  47- 
51;  of  stars,  99-100,  102,  104-105,  107,  108, 
110-114,  116,  117;  traveling  of,  104,  113, 
134-141,  143;  and  color,  124-126,  130,  140- 
143;  from  electrons,  126,  129-130,  132-133; 
and  outer  space,  133-134 
Light-years,  103-105,  107,  110,  112-114,  116 
Limestone,  19,  20,  21 
Lister,  178,  179 
Live  oak,  61 
Loadstone,  190 
Long-day  plants,  64,  65,  75 
Lungs,  6,  275 

Machines,  and  energy,  9,  25,  174,  212-233;  de- 
fined, 213;  invented  by  early  man,  214-216, 
219,  222-223,  226,  229,  232;  human  bodies 
as,  214,  232;  basic,  214-233;  and  friction, 
218,  222-223;  complex,  232,  233.  See  also 
Airplanes,  Engines,  Industry 
Magnesium,  57 

Magnet,  the  earth  as,  188-211;  bar,  190-195, 
197-199,  201-203,  205-207;  poles  of,  190- 
199,  201,  205,  207,  208,  210-211;  horseshoe, 
198,  207;  field  of,  205-208,  210-211 
Magnetism,  of  the  earth,  188-211;  and  com- 
passes, 193-196,  201,  205,  207-211;  mole- 
cule theory  of,  197-200,  202,  203,  204;  elec- 
tron theory  of,  202-203;  and  sunspots,  208- 
209 

Magnetite,  190 

Man,  early  history  of,  14,  67,  121-123,  131, 
214-216,  219,  222-223,  226,  232;  and  fuels, 
26-27;  and  community  balance,  161-163; 
and  conservation  of  water,  soil,  forests,  164- 
187;  and  machines,  213-233;  and  flight, 
235-255;  and  community  health,  256-276. 
See  also  Human  body 
March,  49,  50,  88 


Mechanical  energy,  9,  22,  23,  27 
Metals,  and  heat,  16,  127-130,  133;  salvage  of, 
273 

Migration,  86-91,  97 
Milky  Way,  98-102,  108,  109,  110-111 
Milky  Way  system,  108-113,  115,  116 
Minerals,  and  uranium,  26;  and  plant  growth, 
56-58,  62,  176,  180 

Molecules,  defined,  197;  and  magnetism,  197- 

200,  202,  203,  204 
Moon,  100,  115,  133,  254 

Mountains,  formation  of,  19;  and  animals,  91; 
and  rainfall,  151-154,  165-168,  175,  181,  182; 
heights  of,  235,  250-251,  254 
Muscles,  energy  of,  6-8,  27,  63,  79,  214-232 
Mushrooms,  63,  83,  163 

Natural  gas,  21,  274 
Nitrogen,  57,  176,  180 
Non-green  plants,  63,  64,  145 
North  America,  early  climate  of,  17;  seasons 
in,  29-51;  lengths  of  day  in,  64;  rainfall  in, 

151- 156;  watersheds  of,  183;  artesian  water 
in,  262.  See  also  Northern  Hemisphere 

North  pole,  geographical,  17,  42,  43,  44,  50, 
196;  of  compass  needles  and  magnets,  190- 

201,  205,  208,  210-211;  magnetic,  of  earth, 
195-196,  205 

North  Star,  43,  50 

Northern  Hemisphere,  seasons  in,  29-51 ; shape 
of  continents  in,  90;  northern  lights  in,  209. 
See  also  North  America 
Northern  lights,  209 

Oceans,  animals  in,  20,  89-90;  and  rainfall,  24, 

152- 156,  172;  tides  of,  115;  salt  of,  172 
Oil,  as  fuel,  8,  13,  19-21,  22,  123,  274;  in  plants 

and  animals,  20 

Omaha,  Nebraska,  in  September,  28,  29,  30,  44- 
46;  in  December,  33,  35,  37,  41,  47-49;  in 
June,  50 
Opossums,  95 
Orion,  105,  107 

Outer  space,  98-117,  133-134,  250-255 
Oxygen,  132,  147,  197;  human  need  of,  250- 
252;  at  high  altitudes,  250-253;  and  en- 
gines, 252-253 

Paper,  manufacturing  of,  171,  185,  273 
Perennials,  74,  75 

Petroleum,  formation  of,  19-21 ; products  from, 
21,  26,  27.  See  also  Gasoline,  Kerosene,  Oil 
Pheasants,  84,  161 
Phosphorus,  57,  176 
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Planets,  40,  99,  102,  110,  115.  See  also  Earth 
Plants,  ancient,  16-20,  67;  and  climates,  17, 
73-74;  chemical  energy  of,  19,  54,  63,  64, 
147;  growth  of,  20,  52-75;  and  seasonal 
change,  29,  30,  40,  47,  58-60,  61,  65-74;  food 
made  and  stored  in,  53-55,  57,  58,  63,  64, 
68-70,  72,  131,  145-148,  157,  159;  and  min- 
erals, 56-58,  176,  180;  deciduous,  58-60; 
evergreen,  60-61,  70;  non-green,  63,  64,  145; 
and  length  of  day,  64-65,  75;  communities  of, 
144-163;  and  rainfall,  151-156, 166-175, 181- 
184,  259;  in  ponds,  157-161;  and  polluted 
air,  275.  See  also  Crops,  Forests,  Soil,  Trees 
Plowing,  178-179 

Poles,  geographical,  17,  42-44,  47,  50-51,  196; 

magnetic,  190-201,  205,  207-208,  210-211 
Polestar.  See  North  Star 
Pollution,  of  water,  259,  264,  267-270,  272;  of 
soil,  264,  270;  of  air,  274-275 
Ponds,  plant  and  animal  life  in,  96,  157-161 ; on 
farms,  175;  and  rainfall,  259.  See  also  Lakes 
Porous  rock,  petroleum  in,  21;  and  artesian 
water,  260-262 
Potassium,  57 
Potatoes,  64,  69 
Prairie  regions,  151,  154,  161 
Precipitation,  152,  173.  See  also  Rainfall,  Snow 
Pressure,  and  coal,  oil,  18-21;  of  sunlight,  134; 

of  air,  237-239, 240;  of  artesian  water,  260-263 
Propellers,  240,  241 
Proxima  Centauri,  103,  104 
Pulleys,  226,  229-231 

Rainbows,  140,  141,  143 
Rainfall,  and  energy,  6,  24;  in  deserts,  56,  73; 
in  the  tropics,  77;  distribution  of,  151-156, 
173;  and  floods,  165-169,  174,  175;  as  water 
source,  172-175,  181-183,  259-260,  263,265; 
and  soil  conservation,  178-179,  183,  187 
Reflection  of  light,  136-139,  141-143 
Refuse,  disposal  of,  271-273,  276 
Reservoirs,  172-174,  181,  265;  underground, 
259-263 

Resting  stage  of  plants,  68,  70,  72,  74,  83,  148 
Revolution,  of  earth,  40-51,  202;  of  electrons, 
202 

Rigel,  107 

Rivers,  24,  172,  174-175,  181,  259,  260;  pollu- 
tion of,  268-269,  272 
Robins,  84-85 
Rockets,  235,  253-255 

Rocks,  formation  of,  18,  20;  porous,  21,  259- 
263;  uranium  in,  26;  and  floods,  165,  167; 
magnetic,  190 


Root  hairs,  55-56,  58 

Roots,  and  water,  55-58,  62,  157,  158,  170,  183; 
and  minerals,  56-58,  62;  kinds  of,  56,  69,  72, 
74;  food  stored  in,  68-70,  72;  and  soil  con- 
servation, 170,  183 

Rotation,  of  earth,  31,  40,  42,  43,  202,  204;  of 
crops,  180;  of  electrons,  202-203 
Ruby-crowned  kinglet,  91 

Salvage,  of  waste  materials,  268,  273 
Sand,  layers  of,  18,  20,  21 ; and  plants,  animals, 
145,  149-150;  and  Alter  beds,  265 
Sandstone,  18  -21,  262 
Sanitary  landfill,  271-272 
Screws,  226,  228-229,  240 
Seasons,  28-51 ; and  tilt  of  earth,  37-51 ; and 
plants,  58-73,  83;  and  animals,  76-97 
Seeds,  growth  of,  53-55,  57,  66-69,  73;  discov- 
ery of,  74;  as  food,  83;  trees  from,  184,  185 
Separation  layer,  59-60 
Separator,  268,  269 

September,  28-30,  44-46;  woodchucks  in,  93 

Septic  tanks,  270-271 

Settling  basin,  265,  268 

Sewage  disposal,  267-271,  272,  276 

Shale,  18-21 

Short-day  plants,  65,  75 

Sirius,  104,  105 

Sky,  stars  in,  99-117;  distances  in,  102-107, 
113-114.  See  also  Flight 
Sledge,  222-223 
Snails,  96,  158 
Snakes,  80,  94,  96,  159 

Snow,  6;  in  winter,  40,  47,  84,  95;  and  animals, 
77,  84,  95;  distribution  of,  152-153,  156; 
water  from,  168,  169,  172,  174-175,  179,  181, 
259,  260,  263,  265.  See  also  Precipitation 
Soil,  moisture  in,  53,  55-59,  62,  68,  70,  151, 
167,  168,  170,  183,  259,  264,  270,  271;  min- 
erals in,  56-58,  62,  176,  180;  heating,  cooling 
of,  59,  92,  93,  149-151;  enrichment  of,  63, 
180,  183,  186-187,  273;  plant  cover  of,  149- 
151,  161-162,  166-170,  172-173,  181,  183; 
erosion,  conservation  of,  165-170,  173,  176- 
180;  of  forests,  181-184,  186-187;  pollution 
of,  264,  270;  refuse  covered  by,  272 
Solar  system,  102,  107,  110,  113,  115.  See  also 
Earth,  Planets,  Sun 

Sound  energy,  6,  7,  8,  9;  speed  of,  134-135,  243 
South  America,  29-51,  87-90 
South  pole,  geographical,  42,  44,  47,  196;  of 
magnets  and  compass  needles,  190-201 ; mag- 
netic, of  earth,  195-196,  205 
Southern  Hemisphere,  29-51,  90 
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Speed,  of  light,  104,  113,  134-135;  of  airplanes, 
134-135,  241-243,  246-247,  255;  of  sound, 
134-135,  243;  of  air,  and  flight,  237-240 
Spring,  30,  44,  47,  50-51;  plants  in,  60,  68-71, 
83;  animals  in,  82,  83,  84, 87,  91,  94,  97;  stars 
in,  104,  105;  floods  in,  174-175 
Squirrels,  82,  83,  95 

Stars,  as  suns  30-31,  102-103,  107,  109-111; 
heat  of,  31,  102;  of  our  Galaxy,  99-112,  115; 
distance  of,  from  earth,  102-107,  109,  112- 
114,  116;  constellations  of,  105-107,  112- 
114;  of  other  galaxies,  112-117;  formation 
of,  117;  photographing  of,  117;  as  guides, 
187.  See  also  Betelgeuse,  North  Star,  Prox- 
ima  Centauri,  Rigel,  Sirius,  Sun 
Steam  engine,  16 

Stems  of  plants,  62,  69,  70,  71,  158 

Streamlining,  244 

Strip-cropping,  179 

Sulfur,  57 

Sulfur  dioxide,  275 

Summer,  30,  40,  41,  44,  47,  49,  50-51;  plants 
in,  58,  64,  66,  68,  71,  73,  83,  148,  182;  ani- 
mals in,  83,  84,  89,  90,  91,  96,  97,  148 
Sun,  atomic  energy  of,  9,  14,  25-26,  132-133; 
and  daily  living,  14,  27,  119-121;  aind  chang- 
ing seasons,  15,  30-51,  78,  80;  and  plants, 
19-20,  54,  58-59,  62-68,  72,  74,  75,  131,  146- 
151,  157,  159;  and  wind,  power,  22-23,  24; 
and  water  power,  23-25;  as  a star,  31,  102- 
103,  107,  108-112,  115;  motion  of  earth 
around,  40-51,  202;  and  its  planets,  40,  102, 
110,  115;  and  animals,  78-84,  90,  96,  146- 
148;  distance  away,  102-103,  133-134;  and 
outer  space,  133-134,  255;  and  magnetism, 
208-209;  light  of,  as  germ  killer,  268.  'See 
also  Day,  Heat  energy.  Light  energy 
Sunflowers,  53-54 
Sunspots,  209 

Surface  water,  259,  263.  See  also  Lakes, 
Oceans,  Rivers 
Swamps,  17-20,  160 

Temperature,  of  air,  5,  32,  33,  41,  44,  50,  65-66, 
78-80,  83,  85,  92,  182;  of  sunbeams,  34,  37; 
and  plant  growth,  65-66;  and  animals,  78- 
79,  92-93,  96;  of  animal  bodies,  80-83,  85, 
92-93,  96;  of  human  bodies,  81-82;  of  seas, 
89;  of  metals,  124-125,  129-130,  133;  of 
sun,  132-133;  and  communities,  149-151, 
156;  and  garbage,  272,  273 
Thermometers,  33-34,  81-82 
Thrust,  force  of,  240-242,  243,  244,  245 
Topsoil,  19,56,  176,  187.  See  also  Soil 


Tree  nursery,  184-185 

Trees,  leaves  of,  58-61,  70-71,  182,  187;  de- 
ciduous, 58,  59,  60,  70,  71;  evergreen,  60-61, 
70;  buds,  blossoms  of,  66,  70-71;  trunks  of, 
69-70;  farming  of,  184-187.  Seg  «/so  Forests 
Tungsten,  130 

Universe,  energy  for,  25;  defined,  116,  117 
Uranium,  26 

Valleys,  91,  167,  182 

Warm-blooded  animals,  80-83,  92,  93 
Waste  materials,  disposal  of,  257-258,  267-273, 
276;  salvage  of,  268,  273 
Water,  freezing  of,  5, 59, 82, 85, 93 ; power  of,  23- 
25,  174,  213,  232;  evaporation  of,  24,  61,  70, 
152,  172;  and  plant  growth,  17,  55-61,  62,  63, 
67,  68,  70,  72,  73,  74,  146,  151-161,  261;  and 
animals,  83,  95-96,  146,  151-156,  158-161, 
171,  175;  and  rainbows,  141,  143;  tempera- 
ture changes  of,  149-151;  and  soil  erosion, 
165-179,  183,  187;  conservation  of,  166-175, 
181-184,  186,  257-266,  276;  factory  uses  of, 
171;  molecules  of,  197;  underground  reser- 
voirs of,  259-263;  pollution  of,  259,  264,  267- 
270,  272;  puriflcation  of,  265-266 
Water  vapor,  17,  24;  condensation  of,  24,  153 
Watersheds,  181-184,  265 
Weather  and  energy,  6,  15,  78.  See  also  Cli- 
mate, Rainfall,  Seasons 
Wedges,  226,  227-228 

Weight,  of  air,  22;  of  plants,  55;  and  basic 
machines,  216-218,  230-231;  of  aircraft,  236 
Wells,  173,  259;  ordinary,  223,  263-264,  270; 

artesian,  260-263,  264 
Whales,  86,  89,  90 
Wheat,  64,  66,  67,  179,  180,  184 
Wheels,  development  of,  222-223 ; use  of,  223- 
226,  233;  and  pulleys,  229-231 
Wind,  and  energy,  5,  6,  15,  22-23,  24,  232;  and 
rainfall,  24,  152-156;  and  soil  erosion,  176 
Windlass,  223-226 

Wings  of'  aircraft,  237-239,  240,  243,  244,  248 
Winter,  30,  40-41,  44,  47-49,  50-51;  plants  in, 
59-61,  65-66,  68-72,  83,  148;  animals  in,  79, 
80,  83-85,  87,  89,  91-95,  97,  148;  stars  in, 
104,  105 

Wood,  as  fuel,  8,  13,  15-16,  23,  122;  atoms  in, 
11;  other  uses  of,  171,  180,  185  ' 

Woodchucks,  82,  93 
Wright  brothers,  236 

Zinc,  10,  12,  13,  27,  127,  129 
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